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The light source for a lamp (2) is formed by a 
number of LEDs (32) mounted on a printed circuit 
board (28). Control gear (31) for the LED voltage 
can be located in the lamp envelope. The LED's can 
be varied in color. Empty space in the envelope can 
be filled with various materials e.g. glass balls (38) 
to protect the LEDs from vibration. 
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(54) Lichtquelle 

(57) Eine Lichtquelle in Gestalt einer Lampe (2) Oder 
Leuchte weist ein Gehause (5) auf, in dessen Inneren 
(6) eine Vielzahl von Leuchtdioden (32) angeordnet ist, 
die auf einem gemeinsamen Trager in Gestalt einer Lei- 



terplatte (28) sitzen. Auf dem Trager kann auBerdem ein 
Vorschaltgerat (31) untergebracht sein. Das Gehause 
(5) ist nach auBen hermetisch geschlossen und tragt an 
einer Seitenwand elektrische Anschlussmittel in Gestalt 
von Stiften (23) oder einem Anschlusskabel (3). 
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Beschrelbung 

[0001] Fur Beteuchtungszwecke sind unterschiedli- 
che Lichtquellen bekannt, die je nach Anwendungs- 
zweck unterschiedliche Vor- und Nachteile mit sich brin- s 
gen. 

[0002] Gluhlampen konnen in aller Regel ohne Vor- 
schaltgerate an unterschiedlichsten Spannungen be- 
trieben werden, wenn die Gliihwendel an die jeweilige 
Versorgungsspannung konstruktiv angepasst ist. Sie 
sind im Aufbau sehr einfach, leiden jedoch unter dem 
Mangel der relativ geringen Lebensdauer und des 
schlechten Wirkungsgrades. Beides hat seine Ursache 
in der thermischen Lichterzeugung mit Hilfe eines auf 
WeiBglut aufgeheizten Drahtes. Dieser Draht veriiert im 
Laufe der Zeit an Material, das sich an der Innenwand 
des Glaskolbens niederschlagt. Durch den Materialver- 
lust andern sich die elektrischen Eigenschaften, bis es 
schlieGlich zum Durchbrennen kommt. AuBerdem wird 
ein wesentlicherTeil der elektrischen Energie in Warme 
bzw. nicht sichtbares Infrarotlicht umgewandelt. 
[0003] Wegen der hohen Temperatur der Gliihwendel 
ist die Verwendung von Gluhlampen in explosionsge- 
fahrdeten Bereichen problematisch. 
[0004] Durch einen besseren Wirkungsgrad zeichnen 
sich Leuchtstofflampen aus. Diese zeigen auBerdem ei- 
ne langere Lebensdauer. Die Betriebstemperatur der 
Elektroden liegt niedriger, so dass sie bei entsprechen- 
den Vorschaltgeraten in explosionsgefahrdeten Berei- 
chen eingesetzt werden konnen. 
[0005] Ungunstig bei Leuchtstofflampen ist die Not- 
wendigkeit eines fur hohe Spannungen ausgelegten 
Vorschaltgerates, das auch in der Lage sein muss, die 
fur die Zundung erforderliche Hochspannung abzuge- 
ben. 

[0006] Ausgehend hiervon ist es Aufgabe der Erfin- 
dung eine lichtstarke Lichtquelle zu schaffen, die sich 
durch einfachen Aufbau, hohe Lebensdauer und guten 
Wirkungsgrad auszeichnet. 

[0007] Die erfindungsgemaBe Lichtquelle besteht 
aus einem Gehause, das zumindest teilweise licht- 
durchlassig ist und einen Innenraum aufweist. In dem 
Innenraum befinden sich eine oder mehrere Leucht- 
dioden, die uber elektrische Anschlussmittel, die an 
dem Gehause vorgesehen sind, mit einer externen 
Stromquelle zu verbinden sind. 
[0008] Leuchtdioden benotigen eine sehr geringe Be- 
triebsspannung, die jene Ausfuhrungsform zwischen 
ca. 1 ,5 und 3 Volt liegt. Sie haben eine vergleichsweise 
lange Lebensdauer und erreichen zwischenzeitlich Wir- 
kungsgrade, wie sie von Leuchtstofflampen her bekannt 
sind. 

[0009] Bei der neuen Lichtquelle handelt es sich urn 
eine Lichtquelle, die zu Beleuchtungszwecken vorgese- 
hen ist und nicht als Signalleuchte zum signalisieren von 
Schalt- oder Betriebszustanden. 
[0010] Die niedrige Betriebsspannung der Leucht- 
dioden macht die neue Lichtquelle insbesondere fur ak- 



kugespeiste Notbeleuchtungen geeignet. Fassungen, 
an denen Lichtquellen aus Leuchtdioden angeschlos- 
sen sind, benotigen wegen der niedrigen Versorgungs- 
spannung keine besonderen SchutzmaBnahmen gegen 
zufalliges Beruhren mit Korperteilen. 
[0011] Die Oberflachentemperatur bei Leuchtdioden 
ist sehr niedrig, verglichen mit anderen bekannten Licht- 
quellen, und die Gefahr von Verbrennungen oder dem 
Entflammen explosionsgefahrdeter Gasmischungen ist 
entsprechend klein bzw. uberhaupt nicht vorhanden. 
[0012] Das Gehause kann eine weitgehend beliebige 
Gestalt annehmen und somit den jeweiligen Einbau- 
und Anwendungsverhaltnissen angepasst werden. Be- 
sonders einfach gestaltetsich die Anordnung, wenn das 
Gehause stabformig, bzw. rohrformigen ist. 
[0013] Eine andere Formgestalt ware ein scheiben- 
formiges Gehause, womit ohne weiteres eine flachige 
Lichtquelle erzeugt werden kann, die besonders flach 
ist. 

[0014] Das Gehause kann je nach Ausfuhrungsform 
insgesamt Oder lediglich im Bereich des Lichtaustritts 
opak lichtdurchlassig oder klar lichtdurchlassig sein. Es 
kann auch im Bereich des Lichtaustritts mit optischen 
MaBnahmen versehen werden urn eine zusatzliche Be- 
einflussung des Lichtkegels, der aus der Lichtquelle 
austritt, zu erreichen. 

[001 5] Bei der neuen Lichtquelle ist das Gehause all- 
seitig verschlossen, wie man dies von Leuchtstofflam- 
pen oder Gluhlampen her gewohnt ist. 
[0016] Dem Gehause kann eine Abdeckung oder ein 
Schutzrohr zugeordnet sein, urn das Gehause in die- 
sem Bereich aus gestalterischen Grunden undurchsich- 
tig zu machen. Hinter der Abdeckung konnen zusatzli- 
che in dem Gehause vorhandene elektrische Oder elek- 
tronische Bauteile verborgen werden. 
[0017] Der Innenraum des Gehauses ist hinsichtlich 
seines Volumens moglichst eng an den Volumenbedarf 
der Leuchtdioden sowie der gegebenenfalls zusatziich 
vorhandenen elektrischen oder elektronischen Bauele- 
menten angepasst. 

[0018] Die neue Lichtquelle ist bevorzugt weiBleuch- 
tend. Das weiBe Licht wird mit Hilfe von ausschlieBlich 
weiBen Leuchtdioden oder einer Kombination von far- 
bigen Leuchtdioden erzeugt. In genugendem Abstand 
mischt sich in das farbige Licht der farbigen Leucht- 
dioden zu einem weiBen Licht zusammen. 
[0019] Das Licht der Lichtquelle kann auch getont 
sein, indem weiBe Leuchtdioden mit einer geringen An- 
zahl farbiger Leuchtdioden kombiniert wird. 
[0020] Die Leuchtdioden sind je nach Anwendungs- 
fall in einer oder mehreren Linien angeordnet. Hierdurch 
konnen z.B. bei einer stabformigen Leuchte eine omnia- 
zimutale Lichtverteilung bzgl. der Achse des Stabs er- 
reicht werden. Das gleiche laBt sich erzielen, wenn die 
Leuchtdioden langs einer oder mehrere schraubenfor- 
miger Linien aufgereiht sind. In jedem Falle wird dafur 
gesorgt, dass die Lichtaustrittsseite der Leuchtdioden 
der Innenseite des Gehauses moglichst dicht benach- 
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bart ist oder gar an dieser anliegt. 

[0021] Die Leuchtdioden sind zweckmaBigerweise 

auf einer Leiterplatte angebracht. Die Leiterplatte sorgt 

fiir den mechanischen Hatt und die Stromzufuhrzu den 

Leuchtdioden. 

[0022] Das Leervolumen in dem Gehause laBt sie 
verringern, wenn derfreie Innenraum durch ein Medium 
gefullt ist. Das Fullen des Innenraums durch ein Medium 
erhoht die Widerstandsfahigkeit der Lichtquelle gegen 
Erschutterungen und die Gefahr des Ablosens der 
Leuchtdioden von den Leiterpiatten. Als Fullmedium 
kommen sowohl transparente flieBfahige Kunststoffe in 
Frage, die nach dem Einfullen ausharten oder fliissig 
bleiben, ebenso wie flieBfahige kornige Medien, z.B. 
Glaskugeln oder Quarzsand. 

[0023] Eine andere Moglichkeit, die Verankerung der 
Leuchtdioden zu verbessern, besteht in der Verwen- 
dung eines Formkorpers, der Auf nahmen fur die Leucht- 
dioden enthalt. Die Verwendung des Formkorpers kann 
mit einem Fullmedium kombiniert werden. 
[0024] Die Versorgungsspannung von Leuchtdioden 
muB in einem verhaltnismaBig engen Toleranzband 
konstant gehalten werden. Beim Unterschreiten der 
Versorgungsspannung werden Leuchtdioden wegen 
der nichtlinearen elektrischen Kennlinie sehr schnell 
dunkel. Ein Uberschreiten der zusatzlichen Versor- 
gungsspannung fuhrt zu einer Beschadigung des PN- 
Ubergangs. Es ist deswegen zweckmaBig, in die Licht- 
quelle ein Vorschaltgerat mit einzubringen, das fiir eine 
entsprechende Spannungsstabilisierung sorgt, unab- 
hangig von der Versorgungsspannung, die an die Licht- 
quelle angelegt wird. 

[0025] Die Leuchtdioden konnen in Serie geschaltet 
werden, was den Vorteil eines geringen Querstroms mit 
sich bringt. Nachteilig dabei ist, dass beim Ausfall einer 
Leuchtdiode die gesamte Kette abgeschaltet wird. 
Wenn die Leuchtdioden parallel geschaltet werden, 
muB die Stromversorgung bei niedriger Spannung ei- 
nen verhaltnismaBig honen Strom liefern konnen. Aus 
der Sicht der Anschlussmittel ist dies nicht immer von 
Vorteil. Dafur hat der Ausfall einer Leuchtdiode keine 
Ruckwirkungen auf die Funktionsfahigkeit der ubrigen 
Leuchtdioden. Ein gunstiger Kompromiss zwischen bei- 
den Anforderungen kann erreicht werden, wenn die 
Leuchtdioden gruppenweise parallel geschaltet sind. 
[0026] Die Anschlussmittel der Lichtquelle konnen 
Steckverbinder sein oder auch Kabel, die aus dem Ge- 
hause herausfuhren. Je nach Gestalt und Anwendungs- 
art kann die Lichtquelle als Lampe oder als Leuchte aus- 
gefuhrt sein. 

[0027] Die neue Lichtquelle eignet sich auch beson- 
ders gut dafur, explosionsgeschutzt ausgefuhrt zu wer- 
den, beispielsweise in der Zundschutzart "druckfeste 
Kapselung". 

[0028] Im ubrigen sind Weiterbildungen der Erfindung 
Gegenstand von Unteranspruchen. 
[0029] In der Zeichnung sind Ausfuhrungsbeispiele 
des Gegenstandes der Erfindung dargestellt. Es zeigen, 



Fig. 1 eine Lichtquelle gemaB der Erfindung, in ei- 
nem Langsschnitt, 

Fig. 2 die Lichtquell nach Fig. 1 einem Querschnitt, 

5 

Fig. 3 das Blockschaltbild der Lichtquelle nach Fig. 
1, 

Fig. 4 einen Ausschnitt einer erfindungsgemaBen 
w Leuchte, in einem Langsschnitt, 

Fig. 5 die Lichtquelle nach Fig. 1 in Verbindung mit 
einem Schutzrohr, 

15 Fig. 6 eine Lichtquelle ahnlich Fig. 1 , mit eine ge- 
trennten Kammer fiir das Vorschaltgerat, in einem 
Langsschnitt, 

Fig. 7 eine erfindungsgemaBe Lichtquelle mit ei- 
20 nem flachen rechteckigen Gehause, in einem 
Langsschnitt, und 

Fig. 8 eine erfindungsgemaBe Lichtquelle mit ei- 
nem flachen runden Gehause, in einem Quer- 
25 schnitt. 

[0030] Die Figuren 1 und 2 zeigen eine fiir Beleuch- 
tungszwecke vorgesehen Lichtquelle 1, zu der eine 
stabfonmige Lampe 2 sowie eine mit einem Kabel 3 ver- 

30 sehene Stecklampenfassung 4 gehdren. Die Lampe 2 
weist ein auBeres zylindrische Rohr 5 aus einem klar 
lichtdurchlassigen Material, beispielsweise Pofyacryl 
oder Polycarbonat auf, das einen zylindrischen Innen- 
raum 6 begrenzt und sich zwischen zwei Stirnenden 7 

35 und 8 erstreckt. 

[0031] Das Stirnende 7 ist durch einen eingeklebten 
Stopfen 9 hermetisch verschlossen. 
[0032] Von dem Stirnende 8 her fuhrt ebenfalls in den 
Innenraum 6 ein Stopfen 1 1 , der in einer stufenformigen 

40 Ausdrehung 12 eingesetzt und dort mit Fullmasse 13 
verklebt ist, die einen Ringspatt zwischen der Ausdre- 
hung 12 und dem Stopfen 11 ausfullt. 
[0033] Der Stopfen 1 1 stellt eine explosionsgeschutz- 
te Kabeldurchfuhrung dar. Er besteht aus einem etwa 

*5 becherartigen Grundkorper 1 4, der sich aus einer zylin- 
drischen Seitenwand 15 sowie einem Boden 16 zusam- 
mensetzt. Der so gebildete Stopfen 11 ist derart in das 
Rohr 5 eingesteckt, dass der Boden 1 6 nach auBen von 
dem Rohr 5 weg zeigt. 

50 [0034] Auf der AuBenseite geht der Boden 1 6 in zwei 
rohrf brmige zylindrische Fortsatze 1 7 und 1 8 einstiickig 
iiber, die zueinander parallel sind. Jeder der zylindri- 
schen Fortsatze 17 und 18 enthalt einen Innenraum 19 
bzw. 21 . Die Innenraume 18 und 21 dienen als Aufnah- 

55 meraume fiir Multilamellen-Kontaktbuchsen 22, die an 
einem Ende in massive zylindrische Stifte 23 uberge- 
hen, die mit einem verjungten Abschnitt 24 durch ent- 
sprechende Bohrungen in dem Boden 1 6 fuhren, die mit 
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den Innenraumen 19 und 21 fluchten. 
[0035] Die Stiftabschnitte 24 ragen auf diese Weise 
in den von der Seitenwand 15 umgrenzten Raum und 
an sie sind zwei eiektrische Leitungen 25 und 26 mit ih- 
ren Adern angeschweiBt. Nach den AnschweiBen der 5 
Adem der Leitungen 25 und 26 wird der von dem zylin- 
drischen Wand 15 umschlossene Raum wie gezeigt mit 
einer Vergussmasse 27 explosionsgeschutzt vergos- 
sen. 

[0036} In der Vergussmase 27 steckt mit einem Ende 
eine langliche schmale Leiterplatte 28, die von dem 
Stopf en 1 1 bis zu dem Stopfen 9 reicht und dort in einem 
entsprechenden in dem Stopfen 9 ausgebildeten Schlitz 
endseitig gehaltert ist. Der Schlitz ist in der Zeichnung 
wegen der Art der Darstellung nicht erkennbar. 
[0037] Die Leiterplatte 28 tragt eiektrische bzw. elek- 
tronische Bauelemente 29, die gemeinsam ein Vor- 
schaltgerat 31 bilden, daseingangsseitigmitdenbeiden 
Anschlussleitungen 25 und 26 verbunden ist. 
[0038] Die Leiterplatte 28 dient als streifenformiger 
Trager fur eine groBe Anzahl von Leuchtdioden 32. Die 
Leuchtdioden 32 sind langs einer geraden Linie neben- 
einander Seite an Seite auf der Leiterplatte 28 mit ihren 
Anschlussdrahten 33 festgelotet. Die Anordnung ist der- 
art getroffen, dass wie insbesondere Figur 2 zeigt die 
Lichtaustrittsseite in Gestalt der Kalotte 34 der Innen- 
seite des Innenraums 6 unmittelbar benachbart ist. 
[0039] Die Leuchtdioden 32 stecken mit ihrem Korper 
in einem Formteil 35, das ebenfalls aus einem klar licht- 
durchlassigen Material besteht. Das Formteil 35 ist ein 
langlich quaderformiges Gebilde, bei dem eine Flache, 
die Flache 36, zylinderformig gekrummt ist, entspre- 
chend der Wand des Innenraums 6. In dem Formteil 35 
sind nebeneinandereine Vielzahl von Grundbohrungen 
37 enthalten, deren Gestalt an die AuBenkontur der 
Leuchtdioden 32 angepasst ist. In jeder dieser Grund- 
bohrungen 37 steckt eine Leuchtdiode 32. 
[0040] Das verbleibende freie Volumen des Innen- 
raums 6 ist bei dem gezeigten Ausfuhrungsbeispiels mit 
Glaskugelchen 38 vollstandig gefullt. Wenn anstelle der 
Glaskugelchen 38 ein klar lichtdurchlassiges Fullmittel 
verwendet wird, beispielsweise Polysterharz, kann der 
Formkorper 35 entfallen. Hingegen ist er bei einem Full- 
mittel, beispielsweise einem Gel, zweckmaBigerweise 
vorhanden. 

[0041] Das Fullmittel wird insbesondere benotigt, 
wenn die Lampe 2 explosionsgeschutzt in der Zund- 
schutzart "druckfeste Kapselung" ausgefuhrt werden 
soil. Durch die Fullung mit Sand Oder einem sonstigen 
fliissigen Oder sich verfestigenden Fullmittel wird das 
Restvolumen, in dem sich ztindfahige Gas sammeln 
konnte, soweit reduziert, dass im Falle einer Zundung 
keine gefahrlichen Innendrticke entstehen konnen, die 
das Rohr 5 zum Bersten bringen konnten. 
[0042] Die Steckfassung 4 besteht aus einem becher- 
artigen auBeren Gehause 41 , das an der offenen Seite 
in einem nach auBen ragenden Bund 42 endet, wahrend 
das gegenuberliegende an sich verschlossene Ende mit 



einem Gewindestutzen 43 zur Aufnahme einer Uber- 
wurfmutter 44 versehen ist. Durch den Gewindestutzen 
43 fuhrt in bekannter Weise eine Bohrung hindurch, die 
eine Klemmeinrichtung zum zugentlastenten Einklem- 
men des ankommenden zweipoligen Kabels 3 enthalt. 
Die Zugentlastung wird beim Anziehen der Uberwurf- 
mutter 44 in ebenfalls bekannterweise aktiviert und 
klemmt den Mantel des Kabels 3 ein. 
[0043] Im Inneren des Gehauses 41 sitzt ein Kunst- 
stoffeinsatz 45. In dem Einsatz 45 sind Steckerstifte 46 
und 47 eingebettet, die in Bohrungen 48 hineinragen, 
die im eingesteckten Zustand die rohrformigen Fortsat- 
ze 1 8 ubergreifen. 

[0044] Mit jeweils einem der beiden Steckerstifte 46, 
47 ist eine Ader48 bzw. 49 des Kabels 3 verbunden. 
[0045] Die Sicherung der Lampenfassung 4 an dem 
betreffenden Lampenende geschieht mittels einer 
Uberwurfmutter 51 , die den Bund 42 ubergreift und auf 
ein AuBengewinde auf dem Rohr 5 aufgeschraubt ist. 
[0046] Die in der Lampe 2 verwendeten Leuchtdioden 
32 sind lichtstarke Leuchtdioden mit hohem Wirkungs- 
grad. Es handelt sich dabei bevorzugt urn Leuchtdioden 
mit Leuchtstoff, der in der Lage ist, das von der Halblei- 
tersperrschicht ausgehende z.B. ultraviolette Licht in 
den sichtbaren Bereich zu transformieren. 
[0047] Die Leuchtdioden 32 sind folglich auch bevor- 
zugt weiBe Leuchtdioden, da die Lampe 2 fur Beleuch- 
tungszwecke geeignet sein soil. 
[0048] Falls eine Farbung des Lichtes gewunscht ist, 
konnen einzelne der Leuchtdioden 32 mit einer anderen 
Farbe als weiB leuchten, urn dem ingesamt abgestrahl- 
ten weiBen Licht eine gewisse Tonung zu geben. 
[0049] Anstelle von weiB leuchtenden Leuchtdioden, 
konnen auch 3 Satze von Leuchtdioden verwendet wer- 
den, wobei die Farben der Satze derart ausgewahlt 
sind, dass sie die gewunschte Mischfarbe, beispielswei- 
se weiBes Licht, erzeugen. 

[0050] Bei der gezeigten Ausfuhrungsform sind die 
Leuchtdioden 32 langs einer geraden Linie angeordnet, 
die der Mantellinie des zylindrischen Rohres 5 folgt. 
Hierdurch wird einer Abstrahlung in bevorzugt lediglich 
einer Richtung bezogen auf die Achse des Rohres er- 
reicht. Wenn eine weitgehend omniazimutale Abstrah- 
lung erreicht werden soli, konnen auch zwei oder mehr 
Reihen von Leuchtdioden 32 verwendet werden, die 
aquidistant nebeneinander in dem Innennraum 6 ver- 
laufen. Die Leuchtdioden der einzelnen Reihen stehen 
sternformig im Innenraum 6. 

[0051] Ein wesentlicher Vorteil der gezeigten Anord- 
nung besteht unter anderem darin, dass kein separater 
Reflektor benotigt wird, dajede Leuchtdiode intern ihren 
eigenen Reflektor hat. Hierdurch vereinfacht sich der 
Aufbau der Lampe 2 insgesamt. 
[0052] Figur 3 zeigt das Blockschaltbild der Lampe 2. 
[0053] Das Vorschaltgerat 31 weiBt zwei eiektrische 
Anschlusse 52, 53 auf, mit denen beispielsweise die An- 
schlussleitungen 25, 26 verbunden sind. Ausgangssei- 
tig liefert das Vorschaltgerat 31 eine geeignete Span- 
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nung bei ausreichendem Strom, die in auf der Leiter- 
platte 28 vorhandene Leiterbahnen 55 und 56 einge- 
speist wird. Zwischen diese beiden Leiterbahnen 55, 56 
sind die Leuchtdioden 32 wie gezeigt gruppenweise in 
Serie geschattet. Die einzelnen Gruppen liegen parallel 
an dem Ausgang des Vorschaltgerats 31 und sind von 
diesem parallel gespeist. Die Ausgangsspannung des 
Vorschaltgerates 31 ist eine Gleichspannung, deren 
GroBe an die Spannung angepasst 1st, die jeweilige 
Gruppe aus Leuchtdioden 32 bendtigt. Die Gleichspan- 
nung kann zeitlich konstant, pulsierend Oder auch luk- 
kend anliegen. AuBerdem kann bedarfsweise die Vor- 
gabe des Stroms oder der elektrischen Leistung mog- 
lich sein. Damit aile Gruppen an dem selben Vorschalt- 
gerat 31 betrieben werden konnen, enthalten Sie natur- 
gemaB jeweils dieselbe Anzahle von Leuchtdioden 32. 
[0054] Der innere Schaltungsaufbau des Vorschalt- 
gerates 31 richtet sich vor allem danach, welche Art von 
Spannung an den Anschlussen 52 und 53 eingespeist 
wird. Derartige Schaltungen sind dem Fachmann be- 
kannt und brauchen an dieser Stelle deswegen nicht er- 
lautert zu werden. 

[0055] In den Figuren 1 und 2 ist eine Lampe 2 ver- 
anschaulicht. In der gleichen Weise kann auch, wie Fi- 
gur 4 zeigt, eine Leuchte ausgefuhrt werden. Zu diesem 
Zweck wird der Stopfen 11 nicht wie gezeigt mit Stek- 
kerstiften versehen, sondern das Anschlusskabel 3 
fuhrt unmittelbar durch eine Bohrung 58 in dem Boden 
1 6 des Stopfens 1 1 in die dort enthaitene Vergussmasse 
27. 

[0056] lm ubrigen ist der Aufbau der Leuchte nach Fi- 
gur 4 der selbe, wie der Aufbau der Lampe nach Figur 
1 , weshalb auf eine weitere Erlauterung verzichtet wer- 
den kann. 

[0057] Sowohl die Lampe 2 nach Figur 1 als auch die 
Leuchte nach Figur 4 kann mit einem Schutzrohr 61 
kombiniert werden, wie dies Figur 5 zeigt. Das Schutz- 
rohr 61 ist ein zylindrisches Rohr, das an seiner AuBen- 
umfangsflache mit Rippen 62 versehen ist und an einer 
Seite bei 63 eine rechteckige Offnung enthalt. In der 
rechteckigen Offnung sitzt ein mit einzelnen Linsen 64 
versehenes glasklar durchsichtiges Einsatzteil 65, 
durch den das Licht austreten kann, wahrend der ubrige 
Teil des Schutzrohres 61 undurchsichtig ist. Das 
Schutzrohr 61 weist einen Innenraum 66 auf, der so be- 
messen ist, dass er die Lampe 2 einschlieBlich der 
U be rwurf mutter 51 der Steckfassung 4 aufnehmen 
kann, wie dies die Figur 4 erkennen laBt. An einem Ende 
ist der Innenraum 66 durch eine Wand 67 verschlossen, 
wahrend das gegenuberliegende Ende offen ist. In die- 
sem Bereich ist das Schutzrohr mit einem AuBengewin- 
de 68 versehen, auf das ein rohrformiger Griff 69 aufzu- 
schrauben ist. Der rohrfdrmige Griff 69 ist etwa becher- 
artig gestaltet und ubergreift mit seinem Innenraum 71 
den uberwiegenden Teil des Gehauses 61 der Steck- 
fassung 4 sowie die Uberwurf mutter 44. 
[0058] Zwischen der betreffenden Stirnseite des 
Schutzrohres 61 und einer entsprechenden Ringschul- 



ter des Griffes 69 kann eine Dichtung 72 eingelegt wer- 
den. 

[0059] Die vorhergehenden Ausfuhrungsbeispiele 
zeigen eine zylindrische Lampe oder Leuchte, bei der 

5 die Leuchtdioden 32 zusammen mit dem Vorschaltgerat 
31 in demselben Raum untergebracht sind. Demzufolge 
muss der Raum, der beide Arten von Baugruppen ent- 
halt, so gestaltet sein, dass er die hochste, im ungun- 
stigsten Falle zu erfullende Schutznorm nach den Ex- 

10 Vorschriften erfulit. Dies kann beispielsweise bedeuten, 
dass der Raum 6 als Ex-"d" Raum ausgefuhrt sein 
muss. 

[0060] Figur 6 zeigt eine Ausfuhrungsform der erfin- 
dungsgemaBen Lichtquelle 1 , bei der das Vorschaltge- 

15 rat 31 in einer separaten Kammer oder Gehause 71 un- 
tergebracht ist, das seinerseits in dem zylindrischen 
Rohr 5 der Lichtquelle 1 steckt. 
[0061] Das Gehause 71 hat die Form eines zylindri- 
schen Bechers mit einem Boden 72, in den elektrische 

20 Kontaktmittel 73 eingesetzt sind, die durch den Boden 
nach beiden Seiten hindurch fuhren. An dem Boden 72 
ist eine zylindrische Wand 74 angeformt, die zusammen 
mit dem Boden 72 einen im Wesentlichen zylindrischen 
Innenraum 75 begrenzt. 

25 [0062] Der zylindrische Innenraum 75 wird nach au- 
Ben von einem scheibenformigen Deckel 76 verschlos- 
sen, der auf dem freien Rand der Wand 74 befestigt ist. 
[0063] In dem so hermetisch geschlossenen Raum 
befindet sich eine Leiterplatte 77, auf der die elektri- 

30 schen und elektronischen Bauelemente 29 des Vor- 
schaltgerates 31 aufgelotet sind. Die Stromzufuhrung 
zu dem Vorschaltgerat 31 geschieht mit Hilfe des Kabels 
3, das durch eine Bohrung 78 in den Deckel 76 einge- 
fuhrt ist. Das Kabel 3 ist in den Deckel 76 nach derZGnd- 

35 schutzart Ex "d" eingefiihrt und der Innenraum 75 ist 
nach dem Bestucken mit einer GieBharzmasse oder ei- 
ner Sandfullung 79 gefCillt. Die Verbindung des Deckels 
76, mit dem Rand der Seitenwand 74, geschieht durch 
Kieben, UltraschallschweiBen, LaserschweiBen oder 

40 einer andere Fugeart, welche die Vorschriften des Ex- 
plosionsschutzes erfulit. 

[0064] Die wegfuhrenden Leitungen des Vorschaitge- 
rates 31 sind mit den beiden Kontakt- oder Durchftih- 
rungsstiften 73 verbunden, die ebenfalls unter Erfullung 

45 der Zundschutzart Ex "d" in dem Boden 72 verankert 
sind. An den nach auBen vorstehenden Enden sind ein- 
polige Kabel 81 angelotet oder angeschweiBt, urn die 
elektrische Verbindung zu der Leiterplatte 28 herzustel- 
len, auf der die Leuchtdioden 32 sitzen. Jener Teil des 

so innenraums 6, der zwischen dem Deckel 9 und dem Bo- 
den 72 des Gehauses 71 begrenzt ist, kann nun in der 
Zundschutzart "erhdhte Sicherheit" oder "eigensicher" 
ausgefuhrt sein. Eine druckfeste Kapselung ist nicht 
mehr erforderlich. 

55 [0065] Figur 7 zeigt ein Ausfuhrungsbeispiel, bei dem 
ein im wesentlichen quarderformiges Leuchtengehause 
5 vorgesehen ist, das die Gestalt einer flachen Schale 
hat, mit einem etwa rechteckigen Boden 83, an den ein- 
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stuckig ein umlaufender Rand 84 angef ormt ist. Der so 
umgrenzte flache Innenraum wird zur Lichtaustrittsseite 
hin von einem den Rand 84 ubergreifenden Deckel 85 
verschlossen, der aus einem klar Oder matt durchsich- 
tigen Kunststoffmaterial besteht. Der Deckel 85 besteht 
aus einer im wesentlichen planen Platte 86, an der 
Randleisten 87 angeformt sind, die den Rand 84 iiber 
fast die gesamte Lange umgreifen. In dem so abge- 
grenzten und geschlossenen Raum befindet sich die 
Leiterplatte 28 mit daran befestigten Leuchtdioden 32. 
Das Vorschaltgerat 31 ist in einer abgeteilten Kammer 
87 untergebracht, die durch einen separaten beispiels- 
weise durch Ultraschall oder mittels Laser aufge- 
schweiBten Deckel 88 verschlossen ist. Aus der Kam- 
mer 87 fuhren wie bei dem Ausfiihrungsbeispiel nach 
Figur 6 in druckfest gekapsetter Form die beiden An- 
schlussstifte heraus, uber die die elektrische Verbin- 
dung zu den Leiterbahnen auf der Leiterplatte 28 und 
damit zu den Leuchtdioden 32 hergestellt wird. 
[0066] Im Gegensatz zu der Ausfuhrungsform nach 
Figur 6 verfugt die Lichtquelle 1 nicht uber ein test an- 
geschlossenes Kabel 3, sondern uber einen elektrische 
Anschluss oder Sockelstifte 89, die in der Zundschutzart 
Ex "d" aus der Kammer 87 herausgeftihrt sind. 
[0067] Es versteht sich, dass anstelle des Anschlus- 
skabels 3 auch. bei dem Ausfiihrungsbeispiel nach Fi- 
gur 6 Sockelstifte vorgesehen sein konnten. Der Vorteil 
der Ausfuhrungsform nach Figur 7 besteht darin, dass 
eine verhaltnismaBig groBe leuchtende Flache erzeugt 
werden kann, wahrend insgesamt die Lichtquelle 1 in 
Lichtaustrittsrichtung nur verhaltnismaBig flach ist. 
[0068] Figur 8 zeigt schlieBlich eine Ausfuhrungs- 
form, bei der das Gehause 5 die Gestalt einer flachen 
zylindrischen Dose aufweist, mit einem becherformigen 
Unterteil 91 bestehend aus einem kreisformigen Boden 
92 und einen einstiickig angeformten umlaufenden 
Rand 93. Uber den Rand 93 ist nach Art einer Schuh- 
cremedose ein Deckel 94 aufgestulpt, der sich aus ei- 
nem planen, ebenfalls kreisformigen Boden 95 und ei- 
nen einstuckig angeformten umlaufenden Rand 96 zu- 
sammensetzt. An der Innenseitedes Randes 96 ist eine 
im Querschnitt sagezahnformige, nach innen vorsprin- 
gende Rippe 97 ausgebildet, die eine im Querschnitt 
rechteckige Rippe 98 rastend ubergreift, die an der Au- 
Benseite der Seitenwand 93 angeformt ist. 
[0069] In dem Boden 92 ist eine weitere becherformi- 
ge Kammer 99 ausgebildet, in der das Vorschaltgerat 
31 untergebracht ist. Diese weitere Kammer 99 ist durch 
einen kreisformigen Boden 101 verschlossen. 
[0070] Im ubrigen entspricht der Aufbau der Licht- 
quelle 1 nach Figur 8, dem Aufbau des Ausfuhrungsbei- 
spiels nach Figur 6. Die Kammer 99 ist in der Zund- 
schutzart Ex "d" ausgefuhrt, und die Anschlussstifte 73 
fuhren in entsprechender Weise durch die Wande der 
Kammer 99. Die Leiterplatte 28 mit den darauf festge- 
loteten Leuchtdioden 32 befindet sich zwischen der 
Kammer 99 und dem aufgerasteten Deckel 94, der aus 
einem klar oder matt durchsichtigen Kunststoffmaterial 



besteht, ahnlich wie das Gehause 5 der zylindrischen 
Lichtquellen 1 . 

[0071) Die Ausfuhrungsbeispiele nach den Figuren 7 
und 8 enthalten Leiterplatten 29, die im wesentlichen 

5 scheibenfdrmig sind, wobei auf lediglich einer Seite der 
Leiterplatte 28 die Leuchtdioden 32 angeordnet sind. 
Die Gestalt der Leiterplatte und die Anordnung der dar- 
auf sitzenden Leuchtdioden 32 ist dem jeweils freien 
Gehauseinnenraum angepasst, womit das Gehause 

10 hinsichtlich seiner auBeren Gestalt auch eine im we- 
sentlichen scheibenformige Gestalt erhalt. 
[0072] Diese Ausfuhrungsformen haben den Vorteil, 
verhaltnismaBig niedrig zu bauen und das Licht aus- 
schlieBlich zu einer Seite gerichtet abzustrahlen. 

15 [0073] Eine Lichtquelle in Gestalt einer Lampe oder 
Leuchte weist ein Gehause auf, in dessen Inneren eine 
Vielzahl von Leuchtdioden angeordnet ist, die auf einem 
gemeinsamen Trager in Gestalt einer Leiterplatte sit- 
zen. Auf dem Trager kann auBerdem ein Vorschaft gerat 

20 untergebracht sein. Das Gehause ist nach auBen her- 
metisch geschlossen und tragt an einer Seitenwand 
elektrische Anschlussmittel in Gestalt von Stiffen oder 
einem Anschlusskabel. 



PatentansprQche 

1 . Lichtquelle 

30 mit einem Gehause (5), das zumindest teilwei- 

se lichtdurchlassig ist und einen Innenraum (6) 
aufweist, 

mit wenigstens einer Leuchtdiode (32), die in 
dem Innenraum (6) des Gehauses (5) enthat- 

35 ten ist und die derart ausgerichtet ist, dass von 

ihr ausgehendes Licht auf den lichtdurchlassi- 
gen Bereich des Gehauses (5) gerichtet ist, und 
mit elektrischen Anschlussmitteln (3,23), die an 
dem Gehause (5) vorgesehen sind, urn eine ex- 

40 terne Stromquelle mit der wenigstens einen 

Leuchtdiode (32) elektrisch zu verbinden. 

2. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zelchnet, dass das Gehause (5) stabformig ist. 

45 

3. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Gehause (5) zumindest im Be- 
reich des Lichtaustritts klar lichtdurchlassig ist. 

so 4. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Gehause (5) lediglich im Be- 
reich des Lichtaustritts klar lichtdurchlassig ist. 

5. Lichtquelle nach Anspruch 1, dadurch gekenn- 
55 zelchnet, dass das Gehause (5) eine zylindrische 

AuBengestalt aufweist. 

6. Lichtquelle nach Anspruch 1, dadurch gekenn- 
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zeichnet, dass das Gehause (5) ein Rohr Ist. 

7. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Gehause (5) scheibenformig 
ist. 

8. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Gehause (5) aus minerali- 
schem Material Oder aus Kunststoff besteht. 

9. Lichtquelle nach Anspruch Y, dadurch gekenn- 
zelchnet, dass abgesehen von Verschlussstucken 
(9,11) das Gehause (5) einstuckig Ist. 

10. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Gehause (5) mit einer lichtun- 
durchlassigen Abdeckung (61) versehen Ist. 

11. Lichtquelle nach Anspruch 11, dadurch gekenn- 
zeichnet, dass sich die Abdeckung in dem Gehau- 
se (5) befindet. 

12. Lichtquelle nach Anspruch 11, dadurch gekenn- 
zeichnet, dass das Gehause (5) In die Abdeckung 
(61) eingesetzt ist. 

13. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Gehause (5) lediglich einen In- 
nenraum (6) aufweist, in dem die oder alle Leucht- 
dioden (32) enthalten sind. 

14. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Volumen des Innenraums (6) 
des Gehauses (5) an das Volumen der Leuchtdiode 
(32) oder Leuchtdioden (32) angepasst ist. 

15. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Leuchtdiode oder zumindest ei- 
nige der Leuchtdioden (32) weiB leuchtend ist/sind. 

16. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet,' dass sie mehrere Leuchtdioden (32) auf- 
weist, die in dem Innenraum (6) enthalten sind. 

17. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zelchnet, dass sie ausschlieBlich weift leuchtende 
Leuchtdioden (32) aufweist. 

18. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass sie mehrere farbig leuchtende 
Leuchtdioden (32) enthalt. 

19. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zelchnet, dass sie weiB leuchtende und farbig 
leuchtende Leuchtdioden (32) enthalt. 

20. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Leuchtdioden (32) langs einer 



oder mehrere geraden Linlen oder ISngs einer oder 
mehreren Schraubenlinien in dem Gehause (5) an- 
geordnet sind. 

5 21. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Leuchtdioden (32) zu einer ebe- 
nen, gekrummten oder ringformigen Flache ange- 
ordnet sind. 

10 22. Lichtquelle nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass die Leuchtdioden (32) auf einem 
Trager vorzugsweise in Gestalt einer Leiterplatte 
(28) srtzen. 

is 23. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass ein Formkorper (35) vorhanden ist, 
in dem die Leuchtdioden (32) stecken. 

24. Lichtquelle nach Anspruch 1, dadurch gekenn- 
20 zeichnet, dass derfreie Innenraum (6) des Gehau- 
ses (5) mit einem lichtdurchlassigen Mittel (38) zu- 
mindest iiberwiegend ausgefullt ist. 

25. Lichtquelle nach Anspruch 24, dadurch gekenn- 
25 zeichnet, dass das lichtdurchlassige Mittel (38) ein 

komiges flieftfahiges Mittel ist. 

26. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zelchnet, dass in dem Gehause (5) elektrische 

30 und/oder elektronische Schaltmittel (29) enthalten 
sind. 

27. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass in dem Gehause (5) eine elektri- 

35 sche Vorschalteinrichtung (32) enthalten ist, die 
derart gestaltet ist, dass sie die Versorgungsspan- 
nung der Lichtquelle an die elektrischen Parameter 
der Leuchtdiode (32) oder Leuchtdioden (32) an- 
passt. 

40 

28. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Leuchtdioden (32) parallel oder 
in Serie geschaltet sind. 

45 29. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zelchnet, dass die Leuchtdioden (32) gruppenwei- 
se parallel geschaltet sind. 

30. Lichtquelle nach Anspruch 1, dadurch gekenn- 
50 zeichnet, dass die Anschlussmittel (23) Steckver- 

binder sind. 

31. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zelchnet, dass die Anschlussmittel (3) von einem 

55 mehrpollgen Kabel gebildet sind. 

32. Lichtquelle nach Anspruch 31, dadurch gekenn- 
zeichnet, dass das Kabel (3) explosionsgeschutzt 
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in den Innenraum (6) eingefuhrt ist. 

33. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass sie explosionsgeschutzt ausgefuhrt 

ist. 5 

34. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass sie in der Zundschutzart "druckfe- 
ste Kapselung" ausgefuhrt ist. 

w 

35. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass sie eine Leuchte bildet. 

36. Lichtquelle nach Anspruch 1, dadurch gekenn- 
zeichnet, dass sie eine Lampe (2) bildet. '5 

37. Lichtquelle nach Anspruch 27, dadurch gekenn- 
zeichnet, dass fur das Vorschaltgerat (31) eine 
Kammer (75,87,99) vorgesehen ist, die gegeniiber 
dem Raum, der die Leuchtdioden (32) enthalt ab- 20 
gedichtet ist. 

38. Lichtquelle nach Anspruch 37, dadurch gekenn- 
zeichnet, dass die Kammer (75) fur das Vorschalt- 
gerat in einem Gehause (71 ) angeordnet ist, das in 25 
das Gehause (5) der Lichtquelle (1 ) eingesetzt ist. 
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[57] ABSTRACT 

A light string system is provided having a plurality of 
mono-color or bi-color light-emitting diodes electri- 
cally connected thereto. Each light-emitting diode has a 
generally elongated, hollow envelope mounted there-: 
over, and the envelope is substantially filled with light- 
conducting optical spheres or even fragments. The en- 



velope may be additionally filled with light-conducting 
epoxy, light-conducting liquid or light-conducting gas 
and sealed for improved light transmission and disper- 
sion characteristics. The light-emitting diodes may in- 
clude an improved base with light-emitting diode leads 
disposed approximately perpendicular to the axis of the 
envelope for bulb stability and for enabling the bulb to 
stand upright on the branches. Both the envelope and 
the optica] spheres include light-conducting glass or 
plastic material. The spheres may be either hollow or 
spherical and may be of a uniform or a mixed size. Addi- 
tionally, the balls may be large for stacking in single file 
within the envelope or centrifuged to the sides of the 
envelope with the center devoid of spheres. The light- 
emitting diodes may be adapted for use as Christmas 
tree strings and various AC and DC control circuits are 
provided for driving the light-emitting diodes, for blink- 
ing effects, for alternating between two colors, for alter- 
nating between three colors, for improving the length 
of the string and uniformity of intensity of illumination 
and the like. In a preferred embodiment of the Chris- 
tmas tree string of lights, a master trunk line and a plu- 
rality of limb lines are provided. The limb lines plug 
into or connect to predetermined locations along the 
master trunk line for ease of assembly, replacement and 
the like. This string uses a series— parallel configuration 
wherein the upper and lower portion of the master 
trunk line and the individual light-emitting diodes 
within each limb line are connected in series while the 
limb line sets are connected in parallel with each other 
for enabling more lights to be illuminated with less 
power, for increasing the uniformity of illumination 
along the length of the string, and for minimizing light 
outage due to bulb burnout. 

188 Claims, 49 Drawing Figures 
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in Christmas decorations and the like. Again, if a single 

LIGHT-EMITnNG DIODE ASSEMBLIES AND bulb burns.out, the entire string is often lost Therefore, 

SYSTEMS THEREFORE parallel connections for multiple strings is used resulting 

in many awkward and unsightly pairs of wires. Addi- 

BACKGROUND OF THE INVENTION 5 tionally, the miniature light bulb strings are extremely 

1. Field of the Invention difficult to run or wind down the trunk of the tree since 
The present invention relates generally to lighting bending often causes electrical shorts or breaks in the 

systems and more particularly to light bulb assemblies wire, they are difficult to assemble on the branches 

incorporating either mono-color or bi-color light-emit- since they turn in all directions, usually upside down on 

ting diodes and having improved light-conducting and 10 the limbs. 

dispersion characteristics and to various wiring ar- Again the length of the strings is limited for a given 

rangeraents, light-emitting diode light strings, orna- power input without a loss of intensity down the string; 

ments, decorations and control circuitry therefore. and connections are made through standard plug and 

2. Description of the Prior Art socket connections which are large, unsightly, difficult 
Many types of lighting systems are commercially 15 to make, and cause the inner end portion of the strings 

available in the prior art and have been since the time of to sag down and be readily visible from outside the tree. 
Edison. The primary light bulb in use today is the stan- The bases of the incandescent bulbs are adapted to posi- 
dard incandescent light bulb which comes in a variety tion the. bulb leads downward for connection to the 
of sizes and shapes and is adapted for many different and wire so that the bulbs are positioned in all directions 
diverse uses. The primary shortcomings of the standard 20 depending on the particular twist in the wire at the 
incandescent light bulb include the fact that it consumes location in which the bulb is placed. Additionally, since 
very significant amounts of electrical power; it has a t j, e j s usually pulled out to position the bulb away 
relatively short life due to freguent burnout, breakage, from the ^ of ^ ^re. the bulb rotates from its own 
and the like; it dissipates a tremendous amount of heat we ight and sags down rather than up as desired on 
which can burn a persons hands or otherwise injure 25 typical Christmas tree applications, 
person, pets or property. The incandescent light bulbs The present invention provides an improved light- 
in use today present significant fire hazards in many emitting diode bulb assembly and various light string 
uses, both from heat and from short circuits. Addition- ^ ^ configurations and control circuitry there- 
ally, these bulbs have very slow switching speeds; they fore f ^ * bstantially ^ of ^ problems of the 
come m white only; and they break quite easily causing 30 . . J! . „ „ „ • 1W> a j,, Q „ tQ „ 
frequent replacement even for those bulbs placed in m md P"""*«* W ^vantages there- 
hard-to-reach areas where replacement is extremely 

time consuming and results in greatly increased ex- SUMMARY OF THE INVENTION 

^r the last two decades, since the fust miniature 35 # Accordin^y it is an object of the present invention 
Christmas tree light came over from Italy, miniature *> PWidc a light bulb assembly or construction which 
Christmas tree bulbs and strings of such bulbs hav* been has a relatively long life; which does not readily bum 
available commercially, particularly during the Chris- out, break, short circuit, or come apart from he base; 
tmas season. While these miniature light bulbs represent whlch comes in both mono-color and bi-color light 
a significant improvement over the standard or larger 40 sources; which generates very little heat to greatly re- 
incandescent light bulbs, they are subject to the same duce bum m J urv to V^m or property; which con- 
problems although usually to a lesser extent. While less sumes very little power for high energy efficiency; 
power is consumed, less heat generated, and less of a which has greatly enhanced light-conduction and dis- 
fire hazard presented; but the power problem, and the persion characteristics; which can be made significantly 
heat and fire hazards are still very significant Further- 45 smaller than any miniature incandescent lamp of the 
more, even the ininiature light bulbs or mini-lights have P rior a* for decorative purposes and the like; which 
reduced switching times and come in white only. To substantially eliminates any potential fire hazard and the 
obtain colors for decorative purposes and the like tinted * ike from excessive heat or short circuits; which enables 
bulbs are used over the incandescent light source. These fig nt strings to be made considerably longer without 
bulbs break quite easily and are generally poorly con- 50 *oss of intensity along the string; which is truly asthetic 
structed so that continued movement of the light strings rather than unsightly; which can be driven from AC 
during assembly, disassembly, storing etc. often results sources, DC power supplies or batteries; which can be 
in the light bulb portion being separated or broken from switched extremely fast due to the solid state nature of 
the base, bulb breakage, or broken lead wires and sock- the light-emitting diodes for operation in the blinking 
ets. They're relatively unreliable and since they are 55 mode, switching mode, or any of various types of se- 
often wired in series, the loss of a single bulb through quencing modes. 

burnout or breakage results in loss of the entire string or It is another object of the present invention to pro- 
string series segment. Such bulbs have been configured vide a miniature light bulb assembly utilizing a light- 
to light in a blinking or on-off manner or to light sequen- emitting diode as a light source and having an envelope 
dally over a few colors but only relatively short strings 60 about the diode for resembling the recognizable appear- 
can be used efficiently and DC power supplies and ance of the miniature incandescent tree light or any 
batteries which lend portability and the like cannot be other desired Christmas light bulb shape, 
readily used without significant loss of intensity down It is a further object of the present invention to place 
the string. light-conducting glass or plastic optical spheres or balls, 
Since the light strings using miniature incandescent 65 or even relatively uniform crystal-like configurations or 
Christmas tree bulbs are usually single piece strings or geometric shapes, within the envelope of light bulbs to 
string segments wired in series they must be connected increase the light transmission and dispersion character- 
end to end to reach around a Christmas tree or for use istics thereof and improve the visibility of the bulb. 
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It is still another object of the present invention to 
provide different types, materials, sizes, and configura- 
tions of optical spheres within the various envelopes for 
various improved dispersion characteristics. 

It is yet another object of the present invention to 5 
provide at least one of a light-conducting epoxy means 
or the like, a light-conducting liquid, and a light-con- 
ducting gas within the envelope and sealed therein for 
further increasing the light-conducting, light-dispersion 
and appearance or aesthetic characteristics of the bulb. 10 

It is still another object of the present invention to 
provide relatively long or short light strings having any 
reasonable desired number of light-emitting diodes 
therealong without loss of intensity of the light down 
the string. 15 

It is a further object of the present invention to pro- 
vide single color or multi-color light strings wherein the 
colors may be alternated, blinked, sequenced in any 
desired manner, or the like. 

It is still a further object of the present invention to 20 
provide a base construction for the light-emitting diode 
bulb assemblies wherein the diode leads are disposed 
approximately perpendicular to the axis of the bulb and 
through or adjacent to the base for stabilizing the bulb 
and permitting it to remain upright on the Christmas 25 
tree branches for decorative purposes. 

It is another object of the present invention to pro- 
vide a further decreased hazard of fire due to the ex- 
tremely low voltage used to power the light-emitting 
diode strings since fire due to defective wiring is elimi- 30 
mated and due to excessive heat generated by the bulbs. 

It is still a further object to provide extremely low 
energy consumption which is normally at least 1/10 of 
that of the conventional miniature incandescent Chris- 
tmas tree bulbs making the bulbs virtually impossible to 35 
turn out so that they hardly ever need replacement and 
greatly increasing the life of the light-emitting diode 
light sets or strings and enabling the useful life to be 
measured in terms of multiple years rather than hours as 
with current light sets. 40 

It is still another object of the present invention to 
provide an improved Christmas tree light set which 
presents substantially no danger from electricity or heat 
dissipation to infants, toddlers, children or pets playing 
with or otherwise contacting the bulbs or wires. 45 

It is a further object to provide a light string assembly 
having no readily visible or unsightly wires or plugs 
showing. 

It is still a further object of the present invention to 
provide a unique series-parallel light string arrangement 50 
involving the use of a master trunk line and a plurality 
of limb line sets which can be physically and electrically 
connected at predetermined vertical locations along the 
master trunk line to enable the easy connecting and 
disconnecting of relatively horizontal limb lines for 55 
quick and easy assembly, maintenance, replacement, 
and the like while insuring that all lights have a substan- 
tially equal intensity at any position along the strings. 

It is yet a further object of the present invention to 
provide an improved light string which can be operated 60 
with greatly reduced power while insuring uniform 
light intensity along the string and while minimizing the 
need for replacing string segments due to burnout or the 
like. 

It is a further object of the present invention to pro- 65 
vide an improved light string wherein the master trunk 
line lays against or around the trunk of the tree and the 
individual lights of the limb lines lie relatively flat on 
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the branches with LED's erect rather than in a random 
or upside-down direction as in the prior art. 

It is another object of the present invention to pro- 
vide an increased brightness, greater visibility, and en- 
hance light dispersion from the LED bulbs due to the 
use of super bright light-emitting diodes and/or to the 
use of the spherical glass balls or other geometric shapes 
within the bulbs and due to the epoxy, liquid or gas, 
alone or surrounding the balls. 

It is a further object of this invention to provide a 
light string of any desired reasonable length which can 
be used both indoors or outdoors since it is totally wa- 
terproof and presents no shock hazard. 

It is still another object of the present invention to 
provide an improved LED light string which may be 
constantly illuminated due to its low energy consump- 
tion while presenting no danger of fires and the like 
thereby making burglars and the like think that some- 
body is home at all times. 

It is a further object of this invention to provide bi- 
color or other multi-color light-emitting diodes that can 
be used with simple low cost switching circuits so that 
each bulb can produce three separate and distinct char- 
acteristic colors in various switching and sequencing 
arrangements. 

It is yet another object of the present invention to 
provide an improved light string which enables differ- 
ent colors and different strings to be phased or se- 
quenced to simulate different colors or sequences mov- 
ing around the tree along the branches, or the like. 

It is still a further object of this invention to provide 
a unique snap-on or plug-in branch string or light limb 
arrangement wherein the limbs are removeably con- 
nected and unconnected to the main trunk line to allow 
greater freedom in positioning lights, in putting lights 
up and taking them down, and replacing individual 
branch lines and the like. 

It is another object of this invention to provide light 
strings which can be used with AC, rectified AC, 
pulsed current, simple DC power supplies or batteries 
for power so that relatively small table top trees or 
decorations can be illuminated without electrical plugs, 
adapters, etc. and relatively long lines for large trees or 
outside decorations can also be used with equal ease. 

It is a further object of the present invention to pro- 
vide trunk wraps and snap-on limb lines which make 
setting up and taking down the tree extremely fast, 
simple, and trouble free; and a system wherein lights 
may be left on artificial trees during storage without 
damage, breakage, or blown out bulbs, as desired. 

These and other objects and advantages of the pres- 
ent invention will be further described with respect to 
the brief summary of the invention presented hereinbe- 
low. 

The present invention provides a miniature light bulb 
apparatus or bulb construction for individual use or 
decorative purposes, for Christmas decorations, for 
light strings, for decorator light strings, or strings of 
Christmas tree lights, and the like. The miniature light 
bulb construction includes a light-emitting diode, either 
mono-color, bi-color, or other multi-color operably 
disposed within a substantially elongated, hollow, light- 
conducting envelope. A plurality of light-conducting 
glass or plastic optical spheres or balls, or even rela- 
tively uniform glass or plastic crystal-like particles or 
geometric shapes, are placed within the envelope for 
transmitting and diffusing the light emitted from the 
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light-emitting diode for improved visibility from the 
side of the bulb. 

Furthermore, a light transmitting epoxy means or the 
like, light-transmitting liquid, or light-transmitting gas is 
operably disposed within the envelope and about the S 
spheres and sealed therein for maintaining the bulb 
configuration and aiding in the light-conduction, trans- 
mission and dispersion within and through the envelope 
with light striking the spheres being refracted at ap- 
proximately 90° to produce a "halo" or ring of light !0 
emminating from the side of the sphere which passes 
out of the bulb for improved brightness and visibility. 

In the preferred embodiment of the present invention, 
the individual miniature light bulb constructions are 
such that the envelope and optical spheres may include 15 
either glass or plastic. The spheres may be substantially 
optically perfect and may include balls of different sizes 
or balls having a uniform diameter. The spheres may 
include relatively large balls having a diameter slightly 
less than the inside diameter of the envelope to enable 20 
the balls to be stacked one upon the other along the axis 
of the envelope for light-transmission and dispersion 
characteristics. Lastly, glass or plastic fragments having 
a relatively uniform crystal-like structure or geometric 
shape or out-of-spherical beads can also be used al- 25 
though intensity, brightness, and visibility may suffer. 

Furthermore, the optical spheres may be tinted but 
are preferably clear; and the spheres may be translucent 
but are preferably transparent. The envelope may be 
made in any desired shape including the shape of the 30 
conventional miniature Christmas tree bulb, any con- 
ventional full-sized Christmas tree light bulb, or that of 
a right cylinder, sphere, other geometric shapes or the 
like and may include a hook on the top portion thereof 
for hanging the bulb on a tree branch and the like. The 35 
spheres may be densely or loosely packed within the 
envelope or may be centrifuged to the outside surface 
with the center devoid of balls for further improved 
dispersion characteristics; or settled on one surface 
portion, on the opposite surface portion, or on both 40 
surface portions. 

Alternately, the envelope may be devoid of balls and 
have a scarred, scored, scratched, or etched surface or 
it may include a fresnal-type surface for improved light 
dispersion from the bulb. These envelopes may be filled 45 
with a similar epoxy, liquid or gas and may also include 
balls, etc., if desired. 

The invention also contemplates a method of manu- 
facturing a miniature light-emitting diode light bulb 
comprising the steps of molding an envelope with at 50 
least one partially opened end, feeding light-conducting 
optical spheres into the envelope, adding epoxy, liquid, 
or air, if desired, (or alternately, mixing the spheres with 
the epoxy and then filling the envelope with the mix- 
ture) inserting the light-emitting diode into the opening 55 
and sealing the envelope with the diode leads protrud- 
ing therefrom. 

The present invention also contemplates a bi-color or 
tristate light-emitting diode apparatus which includes 
first and second light-emitting diode portions mounted 60 
proximate one another and each having a ground, sur- 
face operatively disposed against the ground surface of 
the other for establishing a predetermined focal angle 
for giving the optimum appearance of a single light 
source or a first and second LED in a single diode 65 
package, as commercially, available, for producing 
three colors from two LED's. The first and second 
light-emitting diode portions or LED's each have its 



own different and distinct characteristic color so that 
two colors can be produced by alternately energizing 
first one and then the other of the light-emitting diode 
portions. Furthermore, the two light-emitting diode 
portions can be energized rapidly and alternatively to 
produce a combined third different and distinct charac- 
teristic color as a combination or mixture of the visible 
light. 

Similarly, the tri-color light-emitting diode apparatus 
generally includes an envelope which may be filled 
either loosely or tightly with a plurality of optical 
spheres or the like. Both the envelope and the spheres 
may be glass or plastic and the spheres may be hollow 
or solid, uniform size or mixed size, clear or tinted, 
translucent or transparent, optically perfect or not, and 
may be relatively large having a diameter slightly less 
than the inside diameter of the envelope for stacking 
one upon the other. Furthermore, the balls may be 
centrifuged or otherwise disposed along the entire in- 
side surface of the envelope walls with the portion 
along the central axis of the hollow cavity devoid of 
spheres for increased light transmission and dispersion 
properties or settled to one side or opposite sides of the 
envelope. 

Additionally, the envelope may be filled with epoxy, 
liquid or air and sealed; , and various color combinations 
may be used. For example, if a red light-emitting diode 
portion and a green light-emitting diode portion are 
used, the color red, the color green, and the resulting 
mixture or combination color yellow may be produced 
by the bulb of the present system. The combinations or 
resulting third colors follow conventional color combi- 
nation properties and will not be described in detail 
herein. 

The present invention provides a light string system 
having a first and second electrical conductor and a 
plurality of either mono-color, bi-color or multi-color 
light-emitting diodes electrically connected between 
the first and second conductors. The plurality of light- 
emitting diodes is operatable for extremely long periods 
of time without burning out, require an extremely low 
amount of electrical power for energy-efficient opera- 
tion, produce substantially no heat thereby eliminating 
burn and fire hazards, and enable relatively long strings 
of lights to be used without loss of intensity down the 
string, and provide a means for supplying electrical 
power to the conductors. 

The light string system of the present invention in- 
cludes a unique envelope filled with optical spheres etc, 
and, if desired, light-conducting epoxy, liquid, or gas as 
described hereinabove. Furthermore, relatively long or 
short strings can be provided and using AC, DC, batter- 
ies, rectified AC, or pulses can be used for driving and 
Ulurninating the light-emitting diodes. 

Various types of control circuits are provided for 
driving the light-emitting diodes or light strings to pro- 
vide sufficient drive, to provide switching and the like 
so that a wide variety of sequencing including blinking, 
alternating between two colors, sequencing between 
two, three or more colors, sequentially stepping along a 
string or around the tree and the like, are possible. 

The control circuitry may simply utilize stepped- 
down AC waveform with the positive portion of the 
waveform driving one set of light-emitting diodes and 
the negative portion of the AG waveform driving the 
oppositely poled or reverse polarity configured light- 
emitting diodes. Furthermore, a control system may be 
provided which includes timing means for providing 
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clock pulses at a desired sequencing rate, means for Still further, a base is contemplated for attachment to 

generating switching signals and means responsive to the bottom of the envelope and the LED leads extend in 

the switching signals for sequentially selecting first, opposite directions either through or adjacent to the 

second and third colors to be produced and for driving base and substantially perpendicular to the axis of the 

the circuit output for providing the proper illumination. 5 envelope for attaching to the light limb conductors in 

A variable duty cycle control circuit may be added such a manner as to provide increased stability so that 

between the switching circuit output and the drivers for the individual light bulbs substantially always stand 

selectively controlling the pulse rate, and the duty cycle upright on the limbs rather than falling down or turning 

for providing different pulse durations, as desired, for upside down as in the prior art. Lastly, various timing 

enabling even very long strings to be driven with even 10 circuits, drive circuits, polarity reversing circuits, vari- 

less power by reduced duty cycles, and for enabling the able duty cycle control circuits, transformer circuits, 

use of higher frequency drive or switching signals. and the like are provided for driving either indoor or 

The present invention also provides a Christmas tree outdoor lights, are provided for driving the light strings 

light system, Christmas tree wiring system, or light of different lengths and including various numbers of 

string set comprising a master trunk line electrical con- 15 light-emitting diodes, including extremely long sets of 

nector adapted to be operatively disposed substantially lights, and are provided for producing any desired num- 

vertically down the trunk of the Christmas tree. The ber of switching signals for sequencing control signals 

master trunk line may include an upper trunk line por- to enable blinking, alternating lights, sequencing three 

tion electrically connected in series with the lower lights. Any desired sequence can be affected using the 

trunk line portion. The system further includes a plural- 20 control systems described herein or various modifica- 

ity of modular limb line sets adapted to be operably tions thereto. 

disposed substantially horizontally along the limbs of Other advantages and meritorious features of the 

the Christmas tree extending outwardly from the master present invention may be more fully understood from 

trunk line. The plurality of modular limb lines or limb the following description of the drawings of the pre- 

line sets includes individual modular sets of light limbs ferred embodiment, the appended claims and the draw- 

and a plurality of light-emitting diodes, either mono- ings which are described hereinbelow: 

color, bi-color, or mulU-color and either ground and DESCRIPTION OF THE DRAWINGS 
constructed or purchased OEM, with or without epoxy 

and with or without spheres or the like operably dis- 3Q FIG. 1 is a sectional side view of the light bulb appa- 

posed along the length of the light limbs and electrically ratus of the present invention; 

connected thereto in a series path at predetermined FIG. 2 is a sectional side view of one embodiment of 

selected intervals therealong. the light bulb apparatus of the present invention; 

A source of electrical power is provided, and means FIG. 3 is an alternate embodiment of the light bulb 

for removeably electrically connecting the upper and 35 apparatus of FIG. 1 of the the present invention; 

lower trunk portions to the source of electrical power FIG. 4 is still another embodiment of the light bulb 

for lighting the LED's is also provided. Means for selec- apparatus of FIG. 1 of the present invention; 

tively removeably connecting and unconnecting indi- FIG. 5 is a sectional side view of a spherical light bulb 

vidual ones of the sets of light limbs to the upper and apparatus; 

lower master trunk line portions are provided so that 40 FIG. 6 is a sectional side view of a light-emitting 

the light limbs may be quickly and easily assembled, diode; 

disassembled, replaced, added to and the like; and the FIG. 7 is an alternate embodiment of the light bulb 

individual sets of light limbs are in parallel with each apparatus of FIG. 1 of the present invention wherein 

other. the surface of the envelope is scarred or provided with 

The resulting series-parallel master trunk line-light 45 a fresnal lens pattern or the like; 
limb arrangement provides a unique Christmas tree FIG. 8 is still another embodiment of the light bulb 
light system wherein individual light limb sets, may be apparatus of FIG. 1 of the present inventon; 
quickly and easily assembled, disassembled and changed FIG. 9 is yet another embodiment of the light bulb 
for replacement or the like; wherein if a single light apparatus of FIG. 1 of the present invention; 
burns out, only a given light limb must be changed, and 50 FIG. 10 is a directional pattern for standard light- 
wherein the unique series-parallel combination allows emitting diodes; 

significantly less energy to be used for illuminating FIG. 11 is a directional pattern for light-emitting 

relatively long strings of lights covering any normal diodes provided with the modifications of the present 

sized Christmas tree without loss of intensity anywhere invention; 

in the system. Furthermore, the light-emitting diodes of 55 FIG. 12 is a diagramatic illustration of reflection, 
the Christmas tree light system of the present invention refraction, and interference from irregular glass f rag- 
may include the envelope construction, optical spheres ments and the resulting variation of intensity with dis- 
and light-conducting epoxy, liquid or air as described tance; 

hereinabove. Additionally, various control circuits are FIG. 13 is a similar diagram showing the improved 
provided to enable any desired sequencing or switching 60 variation of intensity with distance utilizing the light 
of the light-emitting diodes to produce the effects previ- bulb apparatus of the present invention; 
ously described. FIG. 14 is a schematic representation of internal re- 
Still further, relatively short series-parallel arrange- flection set within an ordinary bulb or tube; 
ments using the master trunk line/limb line configure- FIG. 15 illustrates internal transmission, reflection, 
tion may be used for miniature or table top Christmas 65 refraction, and dispersion in one embodiment of the 
trees can be driven by batteries so that no wires are light bulb apparatus of the present invention; 
needed for making the miniature Christmas tree porta- FIG. 16 is a sectional side view of a portion of the 
ble and the like. light-emitting diode bulb apparatus including a base; 
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FIG. 17 is an alternate embodiment of the light appa- 
ratus of FIG. 16 including a modified base; 

FIG. 18 is another embodiment of the light bulb appa- 
ratus of FIG. 16 with still another base; 

FIG. 19 is yet another modified base assembly for a 5 
light-emitting diode bulb assembly; 

FIG. 20 is an electrical schematic diagram of an AC 
power source for driving alternate, polarity reversed, 
light-emitting diodes connected in string fashion; 

FIG. 21 is a sectional side view of a bi-color or two 10 
LED light bulb assembly; 

FIG. 21A is a blown-up view of the bi-color LED 
portion of the bulb assembly of FIG. 21; 

FIG. 22 is a sectional side view of another two LED 
bulb assembly; IS 

FIG. 23 illustrates a conventional, reverse polarity- 
connected bi-color LED; 

FIG. 24 shows an alternate representation of a bi- 
color LED which employs a third electrical connector; 

FIG. 25 is a schematic representation of the series- 20 
parallel master trunk line/limb line wiring configuration 
for Christmas tree light sets; 

FIG. 26 is a plan view of a connector apparatus useful 
in master trunk line connections or limb line; 

FIG. 27 is an example of a conventional tie fastener 25 
used for mechanically securing the master trunk line to 
the tree; 

FIG. 28 is a schematic representation of male and 
female snap fasteners for securing the individual light 
limbs to the master trunk line; 30 

FIG. 29 is a sectional side view of the female snap 
connector portion of the assembly of FIG. 28; 

FIG. 30 is a sectional side view of the male snap 
member of the assembly of FIG. 28; 

FIG. 31 is an alternate embodiment of the connector 35 
apparatus of FIG. 28; 

FIG. 32 is a miniature series/parallel master trunk 
line/limb line circuit for miniature or table top Chris- 
tmas trees and the like; 

FIG. 33 is an electrical schematic diagram of an AC 40 
power supply system for driving oppositely-poled or 
reverse polarity LED combinations; 

FIG. 34 is a block diagram representing a typical 
control system for operating the light strings of the 
present invention; 45 

FIG. 35 is an electrical schematic diagram of one 
embodiment of a timing and sequencing circuit useful in 
driving the light strings of the present invention; 

FIG. 36 is an electrical schematic diagram, partially 
in block form, illustrating another sequencing arrange- 50 
ment useful in addressing the various bi-colored light- 
emitting diodes of the present invention; 

FIG. 37 is an electrical schematic diagram of one 
control circuit useful in sequencing the LED light 
strings of the present invention; 55 

FIG. 38 is an alternate embodiment of the control 
system for a light string apparatus as shown in FIG. 37; 

FIG. 39 is an electrical schematic diagram of one 
polarity reversal circuit useful in the system of FIG. 34; 

FIG. 40 is an alternate embodiment of a polarity 60 
reversal circuit useful in the system of FIG. 34; 

FIG. 41 is still another embodiment of a polarity 
reversal circuit useful in the system of FIG. 34; 

FIG. 42 is yet another embodiment of the polarity 
reversal portion of the block diagram of FIG. 34; 65 

FIG. 43 is yet another electrical schematic diagram 
embodying another polarity reversal circuit useful in 
the circuit of FIG. 34; 



FIG. 44 is an electrical schematic diagram of one 
embodiment of a driver circuit useful in amplifying the 
switching output and providing the necessary drive 
current to the light-emitting diodes of the light string 
assembly of the present invention; 

FIG. 45 is an alternate embodiment of the circuit of 
FIG. 44 showing another electrical schematic diagram 
of a circuit for controlling the operation of the light 
string of the present invention; 

FIG. 46 is an electrical schematic diagram, partially 
in block form, exemplifying the variable duty cycle 
controller of the block diagram of FIG. 34. 

FIG. 47 is an electrical schematic diagram of a simple 
AC step-down transformer circuit for operating the 
light strings of the present invention; and 

FIG. 48 is an alternate embodiment of the circuit of 
FIG. 47. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 shows a miniature Christmas tree light or light 
bulb assembly 51 of the present invention. The light 
bulb assembly 51 includes a light-emitting diode (LED) 
52; a bulb, shell, or envelope portion 53; and a base 
assembly 61. The light-emitting diode 52 includes a first 
electrode configured as a parabolic mirror or reflector 
54 having an electrical input lead 55 connected thereto 
as by contact 56 or the like and a second electrode or 
solid state semiconductor light emitter portion 57 hav- 
ing an input lead 58 electrically connected to the elec- 
trode 57 as indicated by contact or solder point 59. 

The bulb base assembly 61 houses a portion of the 
LED 52 structure and seals the bottom 50 of the enve- 
lope portion 53 as hereinafter described. The LED 52 is 
positioned at least partially within the envelope 53 and 
a plurality of light rays or photons 62 are emitted into 
the bulb 53 by electrode 57. The bulb 53 includes a 
generally cylindrical elongated shell or envelope 63 
having a substantially hollow interior 64 along the lon- 
gitudinal axis 65 thereof. In the preferred embodiment 
of the present invention, the hollow interior 64 of the 
envelope 63 is at least partially filled with light-trans- 
mitting, optical balls or spheres 66 for improved light 
transmission, diffusion, and dispersion characteristics, as 
hereinafter described. 

As an alternate embodiment, the interior 64 of the 
envelope 63 may include, either separately or in addi- 
tion to the optical spheres 66, a light-transmitting liquid, 
a light-transmitting gas, or a light transmitting solid 
such as a curable, light-conducting epoxy, thermo-set- 
ting or other plastic-like material 67. A potting com- 
pound of. epoxy or sealing material 68 may be used to 
seal the bottom 50 of the envelope 63 against leakage 
therefrom and to secure the position of the light-emit- 
ting diode 52 therein. 

The diode 52 actually includes a light-emitting semi- 
conductor chip including the electrode 57 and different 
materials may be used for the chip depending upon the 
color of illumination to be produced by the LED. For 
example, a red color is -produced by GaAsP, a green 
color is produced by GaP and a yellow color is pro- 
duced by GaP, with appropriate semi-conductor doping 
and the like. The electrode 54 actually serves as a diode 
holder and is actually an integral part of the semicon- 
ductor structure making up the LED 52 itself. The 
LED assembly 52 then includes, in one common struc- 
ture, a dome-shaped LED capsule portion 70 for hous- 
ing the semiconductor portion therein. 
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FIG. 2 is similar to FIG. 1 and all similar components chips, or pieces 83 with the optical spheres 66 of the 
in future Figures will utilize similar reference numerals present invention. FIG. 12 shows that a portion of the 
to designate corresponding similar parts. The light- light ray 85 is reflected while a rather random angular 
emitting light bulb assembly 51 of FIG. 2 also shows the path is followed by the incoming ray 88 as it is refracted 
potting compound or sealing material 68 as a block 5 and transmitted through the various fragments. Much 
sealably positioned about the bottom or open end 50 of of the light intensity is lost or captured within the enve- 
the envelope 63, about the base of the LED capsule 52, i 0 p e 63 for greatly decreased intensity with distance, 
and mounted on the base 61. The base 61 includes an On the other hand, FIG. 13 shows that the optical 
elongated, downwardly-directed base extension 69 ex- spheres provide a much greater intensity with distance 
tending substantially along the longitudinal axis 65 and 10 characteristic due to the nature and light-conducting 
coaxial therewith. properties of the spheres 66, as hereinafter described. 

FIG. 3 shows a light bulb assembly 51 having the FIGS. 14 and 15 show internal reflection patterns for 

envelope £3 in the shape of a right cylinder to show that light rays 84| 86 in an envelope 63 devoid of spheres, 
alternate designs or geometric shapes of the bulb or ^6 for light ray 84 of an envelope 63 wherein the 
envelope 63 are possible in the present invention. 15 sphe res 66 are centrifuged, settled, or positioned along 

FIG. 4 shows another embodiment of the present the inside surf ace 82 of the wall 81 of the envelope 63. 
invention wherein the envelope 63 is shaped as a con- with solid state or non .i ncan descent heat production 
ventional full size incandescent Christmas tree light lighting techniques such as those employed by the light 
bulb and the plurality of optical spheres 66 include bu)b apparatus 51 of the present invention, the problem 
different sized or diameter spheres 66 including both 20 was tQ diffuse or disperse light in such a fasnion that the 
large light-conducting balls 71 and smaller balls 72 gen- , osses may ^ k ag ]ow M ib|e and that the ht 
erally mixed within the interior of the envelope 63 and nQt be refiected back into the mm to cause heal or 
surrounded if desired, by epoxy material 67 or the like. additionaJ losses , When Hght passes through a sphe rical 

v S'u l ^ sstrate f^ spherical envelope 63 embodied in ba!1 ^ the , ight or photons enterin g at a given pole, 
a hght bulb assembly 51 while FIG. 6 illustrates a con- 25 ^ ^ %Q ^ opposite pclle and the 

ventional light-emitting diode 52 wherein the capsu e * * ^ refocuses the light back to 

portion includes a dome 73 and an elongated LED base / exact 
74. FIG. 7 shows a light bulb assembly 51 having an , , 4 ... & .... 

alternate envelope portion 63. The envelope 63 has^the ^ ere ; ™ e ^ will appear additionally as a ring or 
outer envelope surface 75 covered at least partially with 30 ™° * the .^ uator of £ e s P* ere and tesls ™' 

scoring, etched, or scarring lines 76 which may be in the fied th,s Wf £ sult : ™ hen th * .P° tt, "f compound or 
shape of a fresnal lens pattern 77 or the like. Further- e P ox y matenaJ 67 » introduced into the envelope 63, 
more, the envelope 63, and any others, may include an the 1, 8 ht transmission and dispersion properties are 
integrally-formed upper hook portion 78 for hanging on maintained as the light passes from sphere to sphere, 
the Christmas tree limb or the like. The scoring 76 or 35 ^hen large groupings of balls or spheres 66 are used, 
the fresnal lens pattern 77 basically serve as a rather photons bounce more in the core of the plotting corn- 
limited alternate to the light-conducting optical spheres pound 67 and appear very intense as if the core itself 
and aid in light dispersion and diffusion from the enve- were the source of hght 

lope 63 Many of the systems in use today for hght dispersion 

FIG.' 8 shows another embodiment of the light bulb 40 * frosted coating which is irregular or uses a milky 
apparatus 51 wherein the envelope 63 is filled with a substance in the potting so that a lot of internal heat is 
plurality of relatively large diameter optical spheres 79 generated and photon direction is readily seen to give 
where the diameter of the spheres 79 is just slightly higher intensity at the source and lower intensities with 
smaller than the inside diameter of the envelope 63 so distance. In incorporating the optical spheres or balls 66 
that the balls 79 can be stacked, one-upon-the-other, 45 and the like into the light bulb assembly 51, the size and 
within the envelope for improving the light transmis- distribution of the balls can be selected to give a sub- 
sion, dispersion and diffusion characteristics thereof. stantially uniform photon dispersion throughout the 

FIG. 9 shows still another embodiment of the light designed region. This enables the light-bulb assembly 51 
bulb assembly 51 of the present invention wherein a of the present invention to be used in many other apph- 
plurality of light-conducting spheres 66 are disposed 50 cations of decorative lighting, and industrial apphca- 
within the hollow interior 64 of the envelope 63 and tions where a low loss, high output is necessary and 
centrifuged or otherwise settled to or placed against the internal coloring is not necessary to obtain diffusion and 
inside surface area with the hollow portion 64 down the a smooth contour of light emission, 
longitudinal axis 65 substantially devoid of balls 66. The The spheres 66 actually defract light and will split the 
interior may be, as previously described, filled with a 55 spectrum in given circumstances much like rain drops 
light-conducting epoxy material 67, liquid or gas. Alter- causing a rainbow. In lighting uses it has been found 
nately, a plurality of relatively uniform crystal-like glass that the size of the optical spheres 66 can be determined 
or plastic structures, fragments, or particles or glass or for potting ease, for mixing and for insertion without 
plastic geometric shapes 60 may be enclosed within the any substantial deterioration in the optical properties, 
envelope 63, with or without epoxy 67. 60 As the spheres become smaller, the effect becomes more 

FIGS. 10 and 11 compare the directional pattern of fogged and the larger the balls, the more clarity. It is 
standard OEM LEDs with the modified dispersion believed that the photons actually behave in a chain 
pattern produced by the method and apparatus of the reaction effect of bouncing from ball to ball as the pho- 
present invention; and it will be seen that a much tons pass through a transparent or even a translucent 
greater degree of diffusion, as shown in FIG. 11, is 65 potting compound to the next ball, the end result which 
possible with the light bulb assembly of the present has been experienced is low loss, at high yield, at the 
invention. FIGS. 12 and 13 compare the distance versus greatest output potential stemming from solid state 
intensity plot of irregular glass or plastic fragments, LED lighting which is still in its infancy. 
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In the preferred embodiment of the present invention 
the light-emitting diodes 52 used may be any commer- . 
cially available color such as red, green, yellow, amber, 
orange, and blue, and in either normal intensities or in 
the super bright or ultra bright ranges which go as high 5 
as from 2000 to 5000 MCD at present. For example, the 
model H2K, a new 2000 mcd LED (which measures as 
high as 5000 mcd) from Stanley Electric Co., Ltd. of 
Hatano City, Japan. The envelope 63 may be any com- 
mercially available light-transmitting or conducting 1° 
glass or plastic material, either translucent or transpar- 
ent. A clear or transparent envelope is best and the 
outer or exterior surface may be polished to further 
eliminate light losses and heat. Further, the envelope 
may be tinted or covered with a tinted or colored me- 15 
dium, as known in the art, to produce additional light- 
ing effectes although light transmission will be de- 
creased accordingly. 

Similarly, the optical balls or spheres 66 or geometric 
shapes 50 may include any commercially available 
light-conducting or transmitting glass or plastic mate- 
rial. Preferably, the material is transparent or clear but 
translucent balls will also work with decreased optical 
characteristics. The balls may also be colored or tinted, 
if desired with additional loss of intensity, and the balls 
may be either of a uniform size or diameter or of a 
mixed size or diameter within the envelope 6$. Further, 
the quality of the balls may be that of commercially 
obtained glass beads used for sand blasting or the like 3Q 
although optically perfect, highly spherical balls, are 
preferred. Further, the spheres 66 may be either hollow 
or solid and may be placed randomly in the envelope 63, 
packed loosely or tightly, stacked one upon the other, 
centrifuged to the inner wall of the envelope 63 with the 35 
hollow interior 64 devoid of balls or settled to one or 
both opposite wall portions. Similarly, a plurality or 
relatively uniform glass or plastic chips or fragments 
can be used and particularly those with crystalline 
structures, regular geometric shapes and the like. 40 

The method of making the light bulb assemblies 51 of 
the present invention is as follows. A mold is produced 
in a desired shape of the light bulb or envelope 63 to be 
produced such as that of a conventional miniature or 
Italian Christmas tree light, a cylinder, a sphere, a con- 45 
ventional, full size, incandescent light bulb, or the like. 
The mold may be made by any vacuum forming, injec- 
tion, or compression technique or the like and any cur- 
able liquid, preferably clear or transparent material such 
as glass, glass-like material, plastic, thermoplastic, a two 50 
part catalyst system, a thermo-setting material, or a 
relatively transparent, pure lead epoxy molding com- 
pound 67 can be used to make the envelope 63. While all 
forms appear to be translucent in nature, when they are 
molded, they will harden or cure to provide a relatively 55 
pure optical clarity with a relatively high durability. 

The spherical glass or plastic beads, balls or spheres 
66 or geometric shapes 50 are then preferably mixed 
with the liquid to be molded, in one embodiment, to 
create uniform dispersion characteristics. The liquid 60 
molding compound is placed into the mold and then the 
microbeads or balls 66 are preferably introduced either 
before or after this step depending upon the material 
used and optical characteristics desired. The LED is 
then suspended into the material with the leads extend- 65 
ing outward from the potting material and the epoxy is 
allowed to set and cure to its maximum hardness. Alter- 
nately, the envelopes could be purchased with or with- 



out the epoxy, with or without the balls and/or with or 
without the LEDs and assembled accordingly. 

The light-emitting diodes and microball combination 
encased in the mold having a desired shape of envelope 
is then removed from the envelope after it is set The 
leads are affixed and the excess length of leads is 
trimmed off. A base is then molded in the relatively 
same manner as the bulb 63 with many different designs 
and materials being useable. Liquid plastic or other 
plastic-like or rubberized material can also be used, as 
conventionally known in the art; 

With the LED light bulb assembly attached to a wire, 
the base mold is filled with a molding material and made 
to except the lower portion or end of the envelope 66 
with the LED and wires placed preferably in a horizon- 
tal line, one going to the left and the other going to the 
right substantially perpendicular to the longitudinal axis 
of the envelope 63. The base and envelope assembly 
with the wires attached are then molded together to 
make a single unit (which could be done in a single 
operation, if desired) and wires containing a plurality of 
such LED light bulb assemblies 51, spaced at any given 
distance or interval therebetween, are ready for use. 

The combination of the light-emitting diodes 52 with 
the optical spheres 66 and/or added light-conducting 
liquid, gas or epoxy material 67 produce many advanta- 
geous results for light bulb assemblies or strings of light 
bulb assemblies made in accordance with the present 
invention. The present invention results in an extremely 
low power or low energy consumption apparatus 
which is normally at least one tenth of that of any 
known incandescent Christmas tree bulb, miniature or 
not. It is virtually impossible to burn out or break the 
LED light bulb assemblies 51 of the present invention 
so there is never a need for bulb replacement, mainte- 
nance or the like. The low energy consumption substan- 
tially eliminates any possible danger of burns to persons, 
children, pets or the like or from fire since virtually no 
significant heat is generated due to the low thermal 
dissipation from the bulb and since the use of low volt- 
age eliminates fire hazards due to defective wiring. 

Since the life of the LED light set is measured in 
terms of years rather than hours, for all practical pur- 
poses, it lasts for a substantially indefinite time period 
and requires substantially no maintenance. The unique 
bulb construction allows even rough handling such as 
stepping on the bulbs without breakage and no readily 
visible wires are shown when the teachings of the pres- 
ent invention, as hereinafter described, are employed. 
There is no danger of electricity or heat to infants, 
toddlers, children or pets playing with the bulbs or 
wires and they may be used on live, fresh cut, or artific- 
ial Christmas trees. They can be used on trees of all sizes 
as well as on decorative arrangements, outdoor strings, 
short strings, long strings, and the like. 

Individual lights are adapted to lie flat on the 
branches of the tree rather than in random directions 
due to the unique wiring placements and excellent 
brightness and light dispersion due to the super bright 
LEDs and the use of the glass balls within the bulbs are 
produced. Since the bulbs are waterproof, they can be 
used indoors or outdoors and they may be constantly 
illuminated due to the low power consumption and no 
danger of fire so as to make burglars and the like think 
that somebody's home at all times. Bi-color or multi- 
color lights may be used with simple low cost switching 
circuits so that each bulb can produce at least three 
separate, colors. Relatively simple circuits can permit 
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blinking with or without multiple colors and different potting material 68 into the base portion 61. The electri- 

strings can be phased or sequenced to simulate different cal wires run through the base portion and are soldered 

colors moving around the tree, within strings, and the or otherwise connected to the leads 55, 58 at contacts 

like. Ultimately, a three LED bulb including one LED 87, 88 respectively, as known in the art. 

of each of the three primary colors can be controlled to 5 FIG. 18 provides still another embodiment of the 

generate all basic colors of the visible light spectrum. base assembly 61 of FIGS. 16 and 17 and shows the 

A unique snap-on or plug-in branch string assembly sides 91 of the base 61 extending vertically upward until 
of lights or light limbs removeably connectable and v the upper surface 92 of the sides 91 is substantially co- 
unconnectable to a master trunk line, as described planar with the top surface of the potting material 68 for 
herein, allows far greater freedom in positioning lights 10 still another appearance and no exposed epoxy material, 
on a tree and in putting lights up and taking them down Lastly, FIG. 19 shows a base 61 having a bulbous 
and in replacing individual branch lines or light limbs if rounded balancing portion, weighted portion, or down- 
a defect occurs than was heretofor possible. Very long wan j extension 69 and with the LED leads, 55, 58 ex- 
strings are possible without any loss in brightness in tending only into the lower portion of the epoxy 68 
accordance with the present invention and AC, recti- 15 w j t h the wires 94, 95 extending through the walls 91 of 
fied AC, pulsed current DC power supply or simple the base 61 and through the lower layer of epoxy mate- 
batteries can be used for power so that small table top rial $g ( or the leads 55, 58 extending rearwardly along 
trees or decorations can be illuminated without electri- the path j for seC uring to the leads 55, 58 at 
cal cords and made portable thereby. Ultrabright LED contacts or connections 87, 88, respectively, 
lights can be manufactured in the shape of a conven- 20 FIG 20 shows a simple st epped-down AC trans- 
uonal Christmas tree mini bulb or in any desired shape former cifcuit for driving a strmg 0 f alternately poled 
with the glass micropheres and/or epoxy already m- light-emitting diodes wherein every other light-emitting 
eluded therein, if desired. Since the annual decrease in diodcs ^ its larit reve rsed from that on either side 
LED costs, based upon pnor history insures an ever- of fc ^ cifCuit includes a first no volt AC input 233 
growing market since the price of LEDs has sigmfi- 25 ed ^ R fl lead ^ wWch h connected ^ one 
cantly decreased each year and will, in all likelihood, ten ^ na] of a primary txmtcr ^ 335 ^ back to the 
continue to do so. input 233 by a lead 236. A second primary coil or trans- 

Unique parallel/series wiring "^f: former 237 fa connected at its opposite ends by leads 238 

inafter described, insure consistent LED mtens ues and second f J£ $uch volt 

1™!^ AC input 242. The transformer includes a transformer 
■break in any branch line of limb hue occurs since it wdl £ secondary coils 243 and 244. The second- 
not result m losing the entire tree but only in a smgle W1C ^ V ^ !^ ~**~a *~ n 

light limb or branch. The lights may be left on artificial £y coil 243 has one end oppositefy connected to a ead 

trees from year to year, without damage, breakage, or ?48 and its opposite end connected by ^ntermedmte lead 

blown out bulbs and they can be packaged in conven- 35 to one end of the secondary cod 244 who* : opposite 

tional Chrismtas tree light cartons, if desired. nn ected to lead 249 Lead I 248 ! » corniced to 

FIG. 16 shows a base assembly 61 wherein a potting 249 through the parallel combination of aUemate 
compound or sealing material 68 is operably disposed ( for «« numbered LEDs) LEDs 246 each 
about the LED 52 to seal the open end of the envelope ^ving lts »node electncaUy connected to tte lead 248 
63 and secure the LED 52 therein. The electrical leads 40 lts ca £ ode connected to lead 249. The opposite 
.55, 58 protrude horizontally downward, substantially alternate (for even numbered LEDs) LEDs 247 are 
parallel with the longitudinal axis 64 of the envelope 63 connected in reverse polarity wiOi their cathodes con- 
are connected at contacts 88, 87 to horizontally dis- nected directly to lead 248 and their anodes connected 
posed wires 95, 94, respectively. The horizontal place- to lead 249 \ . , , m%n , . . 
ment of th leads or wires 95, 94 increases the stability of 45 ^ operation, either the 1 10 volt input 233 or the 220 
the light bulb assembly 51 and permits the bulbs to be volt input 232 are selected, and the secondary coils 243, 
positioned on the Christinas tree limbs or branches in a 244 will generate a stepped-down AC voltage such as 
vertically upright position without a chance of random 24 volt AC, 12 volt AC, or the like to drive the LEDs 
tipping or turning upside down for uniform asthetic 247. The positive portion of the AC waveform will 
appearance and the like. The baase assembly 61 is 50 drive one set of diodes 246 while the opposite poled or 
shown as including a downwardly extending extension, reverse polarity coupled diodes 247 will be driven by 
weighted, or balancing portion 69 generally coaxial the negative portion of the AC waveform, as known m 
with the longitudinal axis 64 of the light bulb assembly the art. In this manner, an extremely simple, low cost 
51. The base also includes a horizontally extending drive system can be used for alternating or sequencing 
portion 89 operably disposed beneath the bottom of the 55 between adjacent LEDs to produce first one color and 
potting material 68 with the electrical wires 94, 95 oper- then the other, in sequence, indefinitely, 
ably disposed therebetween and substantially perpen- FIGS. 21 and 21A show a bi-color LED light bulb 
dicular to the longitudinal axis 64 of the bulb assembly assembly 145. The bi-color assembly 145 includes a base 
51, assembly 146, an LED assembly 140 and an envelope 

FIG. 17 shows an alternate embodiment of the base 60 63. The LED assembly 140, as shown in FIG. 21A, 

assembly 61 wherein each of the elongated, horizontally includes a first LED portion 147 and a second LED 

extending portions 89 are provided with sides 91 having portion 148. The first LED portion 147 includes first 

top surface portions 92 thereon. The sides 91 form a and second electrical leads 149, 150 extending from the 

hollow interior portion of socket-like opening 93 within photon emitter portion 159 for connection to electrical 
the central area of the base 61 for receiving the potting 65 wires 153, 154 at solder points or contacts 155, 156, 

material 68 therein. The vertically extending leads 55, respectively. The second LED portion 148 has electri- 

58 of the diode 52 extend downwardly parallel to the cal leads 151, 152 extending from the photon-emitter 

longitudinal axis and through the base or bottom of the . portion 160 and connected to electrical leads or wires 
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153, 154 at solder points or contacts 157, 158, respec- 
tively. 

In practice, the first and second LED portions 147, 
148 each includes a ground surface 161, 162 adapted to 
be operatively disposed proximate or against one an- 5 
other to provide the appearance of a single light source 
by proper focal alignment, as known in the art. As pre- 
viously discussed, the envelope 63 can contain a plural- 
ity of optical spheres 66 and an epoxy compound 67, if 
desired. 10 

FIG. 22 shows another embodiment of a bi-color or 
tri-state LED light bulb assembly 164 wherein a con- 
ventionally shaped envelope 63 is positioned over a pair 
of different-colored, separate and distinct, light-emit- 
ting diodes 165 and 168. The LED 165 has a pair of 15 
leads 166, 167 extending parallel to the axis of the bulb 
assembly 164 connecting to a pair of electrical wires 

172, 175, respectively. LED 168 has a pair of electrical 
leads 169, 171 electricaly connected to a pair of wires 

173, 174, respectively. The wiring arrangements peri- 
mits the two different colored LED's 165, 168 to pro- 
duce a first characteristic color for LED 165, such as 
red, and a second different and distinct characteristic 
color for light-emitting diode 168, such as green with 
the combination, mixing or blending of the two colors 
produced when the LED's are lighted simultaneously 
or switched back and forth quickly so that the eye can- 
not discern the switching sequence but sees instead a 
single source of a third different and distinct character- 3Q 
istic color, such as yellow. In this manner, the two LED 
bulb apparatus 164 of FIG. 22 can produce a tri-state or 
three different and distinct colored light from only two 
individual, differently colored LED's. Conventional 
LEDs may be used such as a model MU9471/MU9475 35 
LED manufactured by General Instruments Optoelec- 
tronic Division of Palo Alto, Calif. 

FIG. 23 shows the electrical symbol 177 for a bi-color 
or tri-state light-emitting diode device. The device 177 
includes a first LED 178 having a first different and 40 
distinct characteristic color and a second LED 179 
having a second different and distinct characteristic 
color. A pair of leads 181, 182 serve as the input and the 
cathode of LED 178 and anode of led 179 are com- 
monly connected to lead 181 while the cathode of LED 43 
179 and anode of 178 are commonly connected to lead 
182. The enclosure bulb portion or bi-color LED as- 
sembly 164 itself is indicated by the reference number 
183. 

FIG. 24 shows an alternate embodiment of the bi- 50 
color device 177 of FIG. 23 as it illustrates another 
bi-color or tri-state LED 184 having first and second 
oppositely poled LED's 185, 186, each having its own 
different and distinct characteristic color. The anode of 
diode 185 is connected to a first electrical lead 187 while 55 
the anode of LED 186 is connected to a second lead 
188. A third lead 189 is required for connection to a 
junction or node 191 at the common cathode junction of 
both LED's 185, 186, respectively. Either of the bi- 
color or tri-state LED's 177 or 184 of FIGS. 23 and 24 60 
may be used although the device of FIG. 23 is preferred 
due to the two wire rather than three wire construction . 
thereof. The manufacturer of the bi-color LED's of the 
present invention is similar to the manufacture of the 
mono-color or single state LED's previously described 65 
with the exception that the ground surfaces to produce 
a single focal point or light source are ground and pre- 
assembled before insertion into the envelopes. 



FIG. 25 illustrates the Christmas tree light string set 
of the present invention which is a series/parallel wiring 
string assembly 192. The wiring string assembly 192 
includes a main trunk line 193 adapted to be operably 
disposed against or around the trunk of the tree and it 
includes an upper master trunk line 194 and a lower 
trunk line 195. The wiring string assembly 192 also 
includes an upper limb light group 196 and a lower limb 
light group 197. The upper limb light group 196 in- 
cludes a first, upper, or top limb light limb set 198, at 
least one intermediate limb light set 199 and a last or 
bottom limb light set 201. Similarly, the lower limb light 
group 197 includes a first, upper or top limb light set 
202, at least one intermediate limb light set 203, and a 
bottom or last limb light set 204. 

The master trunk line 193 includes, at its lower end 
portion, a first main trunk line wire 205 and a second 
main trunk line wire 206. The main trunk line wiring 
string assembly 192 further includes a third or common 
main trunk line 207. The first main trunk line lead or 
wire 205 extends upwardly along the trunk of the tree 
and past the lower limb light group 197 to complete an 
electrical series-connection to a first connector node 
208 (which represents a manually-operated, connect- 
/disconnect fastening means) of the upper master trunk 
line 194. The upper trunk line 194 then electrically 
connects the first or top terminal or nodes 211, 213, 215, 
217, and 219, (all of which represent similar fasterners) 
of the top light limb set 198, three intermediate light sets 
199, and the last or bottom light set 201 of the upper 
limb light group 196, respectively. The opposite end of 
terinal of each of the individual ones of the upper limb 
light sets 196, including the nodes or contacts 212, 214, 
216, 218, and 209, (which similarly represent such fas- 
teners) are electrically and mechanically removeably 
connected to the common main trunk line wire 207. 

The second main trunk line wire 206 is electrically 
connected to the individual light sets 202, 203, and 204 
of the lower limb light group 197 through electrical 
contacts 220, 222, and 224, respectively. Similarly, the 
opposite ends of the individual light sets 202, 203, and 
204 are connected to the third or common main trunk 
line wire 207 via contacts 221, 223, and 225, respec- 
tively. 

Each of the individual sets of upper and lower limb 
lights 196, 197 has a single series-connected string of 
light-emitting diodes operatively positioned at predeter- 
mined intervals or distances therealong and in electrical 
series contact with each other. Each of the individual 
ones of the upper limb light sets of group 196 have their 
opposite ends or terminals electrically connected to the 
first master trunk line wire 205 and to a third or com- 
mon main trunk line wire 207 while each of the sets of 
the lower light limb group 197 has its opposite terminals 
connected to the second main trunk line wire 206 and 
the third or common main trunk line wire 207. 

As can be seen in FIG. 25, each of the individual 
series-connected light limb sets has a single continuous 
series-connected string or path but the path can be 
thought of as being divided into a series of branch por- 
tions or segments each on a slightly different relative 
horizontal level of the tree or adapted to be strung 
along different branches thereof. Therefore, the light- 
emitting diodes 226 can be viewed as being operably 
positioned at preselected intervals along the lines or 
along the individual line or branch segments with the 
distance between the light-emitting diodes being se- 
lected for giving the tree a fully lit appearance or the 
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like. Further, each of the segments of each of the upper FIG. 29 is an exploded, partially sectional, view of 
and lower limb light sets 196, 197 has a light-emitting the male connector 102 of FIG. 28. The male snap-fas- 
diodes 227 at the outer end portion or branch tip where tener 102 has an elongated stem 117 for connection to 
one segments meets the next, oppositely-directed lower wire 97 and a generally disc-shaped or circular portion 
segment. 5 lis having a male member 116 extending upwardly 
The first and second main trunk line wires 20S, 206 from the center of said circular portion 115. FIG. 30 
are secured to a male electrical connector 228 having a shows the female snap fastener 103 of FIG. 28. The 
male member 229. The fastener or connector 128 which female portion 103 includes an elongated stem portion 
includes the male connector 228 also includes a corre- \\2 for connection to the wire 97 of FIG. 28 and a 
sponding female connector portion 231 having a central 10 generally disk-shaped or circular portion 113 having a 
aperture, not shown* but known in the art, therethrough socket-like indentation or male member receiving chan- 
for operatively receiving and both mechanically and ne i therein for mechanically receiving and remove- 
electrically engaging the male member 229 of the con- securing said male member 116 therein to complete 
nector 228 to complete an electrical path therebetween. an electrical connection between the male and female 
The female connector portion is connected through a 15 sna p-fastener portions as described in FIG. 28. 
pair of wires to a power supply 232 which can be a FIG. 31 illustrates that any other type of mechanical- 
conventional step-down transformer for producing 12 /electrical removeable fastener or connector, such as 
volts AC or 24 volts AC, or any desired AC voltage the push and i ock bayone t-type connector 96 can also 
signal or pulsed DC signal required to operate the se- be usedf as desired> The connector 96 includes a gener- 
ries/parallel wiring string assembly 192 of the system of 20 al)y cylindrical female socket-like plug 118 having a 

25 " , ■ hollow interior. The electrical wire 123 is adapted to be 

The purpose of the main trunk line connectors 193 is received and se cured into one end of the hollow interior 

to allow a horizontal connection of limb lines or limb and electrican conne cted thereto while the opening 

light sets or segments 196, 197 to run approximately mf fa ^ ^ end h ad d tQ recdve ^ mflle 
perpendicular to the mam trunk line connector 193 25 prong or elongated member 122 therein for comple ting 

running up the trunk of the tree Another purpose is to J mec hanical and electrical connection therein. The 

allow polanty-reversed connections as the bght-ernit- m ^ conncctor rtion m has an aperture at one end 

ting diodes wired in the individual limb lines must be f . K • „ fUe% „ ■ t u mtn a „j 

... , f ... - » , for receiving and secunng the wire 123 therein and an 

wired in such a fashion that the forward and reverse . ^ , , . . . • 

polarity can be observed in both the single or mono- 30 el ° n S at f ed male ™ emb ?' 12 f for en f gmg °P™»f™ 

color diodes and the bi-colored or multi-colored diodes f the female portion 118. Any similar or conventional 

previously described. fas ' emn e mean ? could also ^Jff d * . 

FIG. 26 shows a snap fastener-type connector or u Snap connectors, as described herein ar used so as to 

fastening device 96 for selectively connecting and un- hold the * ertlcai ****** OT main *™ nk lme WTC * . sc ' 
connecting the lower master trunk line portion 195 to 35 cu u re, y andt ° P reven ! flexin S at sna P connection 
the upper master trunk line portion 194 and/or for se- ^ mch ^ could [ rac , tur< : ? f the . wir * connec ip r 

lectively connecting and unconnecting the individual throughout the useful life of the wiring harness. The 
limb line sets 198, 199, 201, and 202, 203, 204 to prede- connectors are to be inserted, either thermally, by pres- 
termined locations on the master trunk line 193. The sure in P act > °' the like into the high density polye- 
connecting apparatus 96 includes a base or support 99, a 40 thelyne or equivalent plastic or non-plastic material to 
pair of slots or apertures 100 through the base 99 and a $ec ure, y attach the snap portion to the polyethelyne. 
male snap-connector 102 and a female snap connector The color of the polyethelyne may be such as to be- 
103 secured to the base or platform 99. Electrical con- oome unnoticed or camouflaged as it runs up the tree 
nectors or wires 97, 98 pass through the first aperture trunk, but it could be any given color and could appear 
100 from the bottom of the support or base 99; electri- 45 as an oranment or the like. Another design would be to 
cally connect to the snap-type fasteners 102, 103, re- allow the polyethelyne harness to also incorporate a 
spectively and pass through the second or opposite holding design such as a fastener which is a part of the 
aperture 100 from the top back to the bottom of base 99. connector since the material is flexible. 

FIG. 27 shows a conventional tie means 96 having a The purpose of the main trunk line or limb line con- 
head or enlarged portion 105, a pair of apertures 106 50 nectors 196, 197 of FIG. 26 is to make a selectively 
through the head 105, and elongated portion 108 having attachable and detachable mechanical and electrical 
a plurality of tie locking teeth 109 and a tooth engaging connection which allows the limb lines to snap onto and 
loop or rectangular slot forming portion 107. The elon- off of the main trunk line and make an electrical connec- 
gated portion 108 is used to wrap around the tree trunk tion. These connectors can be covered with some sort 
and master trunk line to secure the master trunk line 55 of vinyl or plastic-like material to hide or camouflage 
vertically along the tree trunk. Once wrapped, the the metal snaps and for electrical insulation purposes 
toothed portion is inserted into the slot 107 to lock it in but the material is not actually necessary due to the 
place, extremely low voltage employed in the LED systems of 

FIG. 28 shows a snap fastener pair 101 having a male the present invention. The material should not be easily 
portion 102 having a male member or extension nd a 60 removable with the fingers and the like and it should be 
female portion 103 having a female depression or capable of securing the fasteners once installed. If the 
pocket adapted to mechanically and electrically en- fasteners are designed correctly and by suitable manu- 
gageably receive and retain the male member 102 facturing techniques, they could double as the same 
therein to complete an electrical connection between type used in the ain trunk line connectors. These fasten- 
the male portion 102 and the female portion 103. Elec- 65 ers could be easily crimped onto the wire, and the 
trical connector or wire 97 is electrically connected to crimped tube will then double as an easy means of hold- 
the female and male portions 97, 98, respectively while ing it with the fingers for removal or installation pur- 
a wire 98 bypasses the portions 97, 98 via connector 111. poses. 
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However, the insulation part of the wire must also be tree is equal to the number of LEDs on the opposite 

crimped into the fastener so as not to cause breakage or side. 

other shortening in the useful life of the device. The . FIG. 32 shows a miniature or table top series/parallel 

master trunk line 193 of FIG. 25 may have a length of wiring system 124 wherein a main trunk line 125 includ- 

wire typically in the range of 2 to 30 feet long but any 5 ing an upper trunk line 126 and a lower trunk line 127 

desired greater and lesser lengths can also be used. Pref- are adapted to be vertically positioned along the trunk 

erably, a multi-strand, tin-plated wire of the desired of the tree. A plurality of light limbs 134 are provided 

color, is used as determined by the heighth of the tree. for electrical connection to the vertical master line 

Connectors are attached at six to twelve inch intervals connector 125 to extend horizontally nd are substan- 

along the mastertrunk line 193 depending upon the 10 tiaI1 y perpendicular therefrom for alignment substan- 

heighth of the tree down the master line 193. A step- tia "y with th « branches of the tree, 

down transformer is used at the wall which converts The master *nmk line 12 5 includes an upper master 

1 10 volt AC to 12 volt AC with the output of the trans- wie 126 havin S a first ***** line wire 131 a 

former being determined by the consumption of power common master line wire 132. The lower master trunk 

of the LED's which are selected to be well within the 15 hne 127 mcludes a seco ^ ™*w trunk Un r e 1 w ? re 1 . 12 ? 

safety factor of the system. Any connector which pro- * e common wire 132. A first group of light limb 

vides electrical continuity may be used including snap- > s adapted to be connected to the upper master 

on connectors, pad connectors, plug connectors, bayo- trunk hne 126 and a second group of limb hues is 

nett-tvDe connectors and the like adapted to be connected to the lower master trunk hne 

Tn.Li _v i: . in/:' mi ™ ~~aL • „„ri„, te . loftn . k , 20 127. In the preferred embodiment, the total number of 

The limb lines 196, 197 are made in various lengths to . . . • ^ r * - i . „ A 

produce various length segments and accomodate the «?dividual LEDs in the first group is equal orsubstan- 

length of the differed individual tree branches on a to the number of mdlv,dual m 

typic^ly-shaped Christmas tree. The lights are placed £ horizontally disposed light limb sets.134 

at predetermined intervals along the limb such as three 1$ p] f se ^ ents % ne a ^ acent t0 or 5e . 

to twelve inches and one light is always at the tip, turn- neath ^ ^ } OT be ^ positioned along individual 

mg pomt, or end of each hmb hne segment A removea- branches of ^ Uee ^ J, £ e connected in series with 

ble connector is attached to the appropriate inside end Qne ^ QtheT from ^ electrical terminal 138 (removeable 

of the hmb line which will connect to a pair of the connector) wherein the first end portion 137 of the light 

master trunk lines 193 to produce an electrical connec- 30 set 134 is connected to the second master trunk line wire 

tion for illuminatmg the lights on the lines. The typical u9 ^ ^ opposite end Q f the series connected limb 

limb lines may be laid or positioned on the top of the K ht ^ 134 ^ connected via lead 135 to the common 

branches in such a way as to blend with the tree branch master trunk line connector 132 at terminal 136 so that 

and become virtually invisible. This design eliminates ^ electrical series path 141 is established through the 

the. unsightly wires draped around the tree and greatly 35 sets 134 from terminal or connector 138 to terminal 136 

enhances the esthetic appearance thereof. Each segment Q f ^ m aster trunk line 125. 

of an individual string of limb line is a two wire twisted Therefore, each of the strings of individual limb light 

pair so that each segment includes both the outgoing sets 134 comprises a single series connected string of 

lead with LEDs and the return lead devoid of LEDs. light-emitting diodes and individual sets 134 within the 

Therefore each twisted pair or segment must terminate 40 groups associated with the upper and lower master 

with an LED. • trunk lines 126, 127, respectively, are connected in par- 

The master vertical trunk line 193 and plug-in hori- ^el w ith each other. The upper master trunk line 126 is 

zontal limb lines make the tree extremely easy to main- connected in series with the lower master trunk line 

tain, extremely easy to assemble and disassemble, enable 127. The light-emitting diodes within the sets 134 may 

quick and easy replacement of a light limb set if a bulb 45 De positioned at any desirable predetermined distance 

should burn out, break, or the like, and enable a much from one another along the limbs or limb segments 

smaller amount of power to be used for driving any depending on the degree of illumination required on the 

more light-emitting diodes in each light string. The set tree. A light-emitting diode 139 is used to terminate ; 

of the series/parallel connections, i.e. the series connec- each segment and begin the next so that one LED 139 is 

tion of the upper main trunk line 194 with the lower 50 positioned at the outer ends or turning point of each 

main trunk line 195; the parallel connection of the indi- segment of the light set 134. Since the individual light- 

vidual limb light sets 198, 199, 201 with each other emitting diodes 140 of the sets 134 is connected in series, 

within the upper limb light group 196; the parallel con- the loss of any one diode 140 or 139 will result in the 

nection of the individual limb line sets 202, 203, 204 loss of that individual set only, and it is a relatively 

within the lower limb light group 197; and the series 55 simple matter to unsnap or disconnect that set at termi- 

connection of the individual light-emitting diodes 226 nals 136 and 138 and replace it with another set to re- 

within individual ones of the light limb sets. This ar- store full operation of the tree. It should be noted, how- 

rangement enables much greater illumination to be pro- ever, that the loss of a particular series light in th set 134 

duced from a given power input and hence many more does not result in the loss of ay other lights on the tree 

lights can be accomodated for a given power supply. 60 other than those withm set 134. This makes the tree easy 

Further, the system insures uniform visibility, bright- to maintain, assemble, disassemble, and the like, 

ness, or intensity (mcd) of the lights along the string Furthermore, if the Christmas tree to which the light 

with no loss of light intensity towards the end of the line string assembly 124 of FIG. 32 is attached is artificial, 

or the like. For best operation, the number of LEDs in the light strings may be left on the tree year round 

the upper light limb group associated with the upper 65 without any real danger of burnt out lights, breakage, or 

master trunk line is equal to the number of LEDs in the the like. The wires 129 and 131 of the lower end of the 

lower light limb group associated with the lower master aster trunk line are supplied to a connector 126 which is 

trunk line. Also, the number of LEDs on one side of the adapted to operatively engage a female connector to 
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form a fastening both mechanical and electrical, there- 
between to connect the master trunk line to a source of 
power, not shown, but known in the art. One advantage 
of the small strings typified by FIG. 32 is that they can 
be driven by plain DC current or batteries thus render- 5 
ing the tree portable so that it can be moved from place 
to place in the house, for decorative purposes and the 
like. 

FIG. 33 shows an electrical schematic diagram of a 
relatively simple step-down transformer circuit 263 for 10 
driving bi-color of tri-state light-emitting diodes along a 
string. A first input 233 is connected to a lead 234 to one 
terminal of a primary transformer coil 235 whose oppo- 
site terminal is connected through lead 236 back to the 
input 233. This input may be, for example, a pulse trans- 15 
former adapted to receive a pulse signals while the 
second input 242 is connected through lead 238 to one 
terminal of a second primary transformer coil 237 
whose opposite terminal is connected through lead 239 
back to the input 242. Input 242 may be, for example, a 20 
second pulse train input, and either of the inputs 233, 
242, but not both, may be selected for driving the sys- 
tem. 

The transformer 240 includes a core 241 and a pair of 
split secondary transformer coils 243 and 244. One ter- 25 
minal of the first secondary transformer coil 243 is con- 
nected via lead 181 to each of the light-emitting diodes 
177 of the string 263 while the opposite terminal of 
secondarly coil 243 is connected through 245 to one 
terminal of the secondary coil 244. The opposite termi- 30 
nal of secondary coil 244 is connected via lead 182 to 
each of the opposite terminals of the light-emitting di- 
odes 177. The transformer is preferably controlled and 
used as an impedance coupling device if used as a pulse 
transformer that can supply a given number of positive 35 
pulses with respect to negative pulses, then one color 
can be lit, if a given number of negative pulses are trans- 
mitted with respect to positive pulses, then the other 
LED will be it and thus another color produced. Also if 
they are then run at 50% positive and 50% negative 40 
. pulses, then the third color combination of both will be 
seen. 

As previously described, each of the bi-colored or 
tri-state light-emitting diodes 177 consist of a pair of 
oppositely poled light-emitting diodes 178 and 179 with 45 
one light-emitting diode 178 having its anode connected 
to lead 182 and its cathode connected to lead 181, while 
the oppositely poled or reverse polarity diode 179 has 
its anode connected to lead 181 and its cathode con- 
nected to lead 182. In this manner, as the positive pulses 50 
outnumber the negative pulses,' a relatively low voltage, 
pulse signal having a frequency of less than 10 cps, is 
received by the secondary coils 243, 244, for illuminat- 
ing light-emitting diodes 178, and when the negative 
pulses outnumber the positive pulses, the low voltage 55 
pulse signals will illuminate the alternate, opposited 
poled or reverse polarity LEDs 179 are alternately and 
sequentially iUuminated for producing at least two dif- 
ferent and distinct characteristic colors. If the pulses are 
equally positive and negative, the third color is seen. 60 
This extremely simple system allows a plurality of 
spaced-apart light-emitting diodes to be sequentially 
and alternately illuminated to alternately produce two 
or to sequentially produce three different and distinct 
characteristic colors by a simple pulse circuit. 65 

FIG. 34 shows a block diagram of a control system 
248 useful in driving the various light strings, including 
very long strings, of the present invention. In FIG. 34, 



a power supply 249 feeds a clock or an on/off timing 
rate generator 251, a one-two-three counter 252, a series 
of RC switches 253, 254, and 255, a variable duty cycle 
control circuit 256, and an output amplifier-current 
control circuit 257. The power supply 249 supplies the 
necessary power to the timing rate generator or timer 
251 which enables the timer 251 to produce a plurality 
of clock-like pulses at a preselected rate and supply 
these to a one-two-three counter 252. The individual 
first, second and third counts of the counter 252 are 
supplied to first, second and third RC switches 253 so 
that each is actuated on a different one of the one, two 
and three counts of the counter 252 in any given order. 
Whenever any of the RC switches 253, 254, 255 are 
actuated, the optional duty cycle controller 257 selects 
predetermined pulse widths for each of the positive and 
negative pulse trains and the output amplifier and driver 
circuitry 257 performs the necessary amplification and 
drive function for properly illuminating all of the light- 
emitting diodes in the string. 

The outputs show a first or positive output 258 also 
labeled a "RED" output; a second or negative output 
259, also labeled a "GREEN" output and a mixture of 
the two which produces an intermediate AC output 261 
which rapidly cycles between the red and green or 
positive and negative signals to produce a third differ- 
ent and distinct characteristic "YELLOW" color with 
the cycling being such that it is not readily discernable 
to the human eye. The system utilizes a two light-emit- 
ting diode system to produce three different and dis- 
tinct, characteristic colors sequenced by the RC 
switches 253, 254, and 255; and the duty cycle control- 
ler 256 allows a greater number of light-emitting diodes 
to be driven with less power by varying either duty 
cycle or the positive or negative pulse widths, or both. 

Integrated circuit (IC) timers can provide precise 
timing intervals ranging from microseconds to hours 
and can be used as easily controllable, inexpensive oscil- 
lators. The most popular of the IC timers available is the 
conventional 555 timer. It generally comes in an eight- 
pin mini-dip package. 

The 555 timer is basically a very stable IC that is 
capable of being operated either as an accurate bistable, 
monostable, or astable multi-vibrator. The timer com- 
parators are actually operational amplifiers that com- 
pare input voltages to internal reference voltages gener- 
ated by a voltage divider. The references are set at 
two-thirds of supply, and when the input voltage to 
either one of the comparators is higher than the refer- 
ence voltage for that comparator, the operational ampli- 
fier goes into saturation and produces a signal that is 
used to trigger the flip-flop. The flip-flop then controls 
the output state of the timer, as conventionally known 
in the art. For a greater understanding of the 555 timer 
and circuits employing this device, references made to 
the publication 1 10 IC Timer Projects by Jules H. Gilder, 
published by Hayden Book Company, Inc. of Rochelle 
Park, N.J., 1979 edition, which is incorporated by refer- 
ence herein. Timers used herein may be, for example, 
conventional ICM 7555 General Purpose Timers such 
as manufactured by Intersil. 

To provide a basic understanding of many of the 
circuit descriptions which follow, th eight-pin 555 timer 
will briefly have the pin functions described. Pin 1 is the 
ground pin and gets connected to the negative side of 
the voltage supply while Pin 2 is the trigger input. 
When a negative-going pulse causes the voltage at the 
trigger input to drop below one-third of V«, the com- 
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parator to which this input is connected causes the the rate of change of the output. The second timer 273 

flip-flop to change state, causing the output level to serves as a driver and duty cycle controller wherein the 

switch from low to high. The trigger pulse must be of potentiometer 275 may be used to vary the duty cycle of 

shorter duration than the time interval determined by the DC output or pulse width or duration of both the 

the external RC If this pin is held low longer than that, 5 positive and negative portions of the pulse train for 

the output will remain high until the trigger input is enabling the circuit to be used to select predetermined 

driven high again. duty cycles for the output signal, as known in the art. 

Pin 3 is the output pin and is capable of sinking or FIG. 36 is a second embodiment of a simplified con- 
sourcing a load requiring up to 200 mA of current. Pin t rol circuit for driving the sequencing of the bi-color or 
4 is a reset pin that can be used to reset the flip-flop that 10 tri-state light strings of the present invention. The main 
controls the state of the output pin 3. Pin 5 is the control components of the sequencing circuit 287 are the 555 IC 
voltage input and by applying a voltage to this pin it is timer 288 and the divide-by-ten counter/decoder 297. 
possible to vary the timing of the device independently Timer 2 g8 has the supply pin, P8 and the reset pin, P4, 
of the RC network. commonly connected to a node 289 to a positive volt- 
Pin 6 is the threshold input. This pin resets the flip- 15 age ^ + v . Node 289 is connected through a resis- 
flop and consequently drives the output low if the volt- tor 291 10 the variab i e top of a potentiometer 292. One 
age applied to it rises above two-thirds of the value of terminal of potentiometer resistor 292 is open while the 
the voltage applied to pin 8: Pm 7 is the discharge pin. opposite e nd is connected to a node 293. Node 293 is 
It is connected to the collector of the NPN transistor. connected directIy to the discharge input, P7 of the 
The emitter of the transistor is normally connected to 20 Timer ^ ^ th h & resistor 294 iQ ft node 29g 
ground, so that when the transistor turns on , pin 7 is Node 294 b common , connected to P2 , the trigger 
effectively shorted to ground. Pin 8 is the power supply . md p6 ^ threshold t of the timer M8> Node 
pin and ^connected to thepositive side of the supply. 295 fa then connected to ^ th h a capacitor 
FIG. 35 shows one embodiment of a variable duty ^ u p » fc connected directly 
cycle control circuit 264 of block 256 of FIG. 34 em- 25 ound 

ploying first and second 555 timers 265 and 273, respec- °Tk« l !!!,»'.«.# tot on Q » t>i ti™~* ->qh ; c 

tively, and external circuitry. Timer 265 has the supply The , tal f en *} P3 » ^f the timer 288 is connected 

pin 8 connected through a node 266 to the positive to , the P' n >*«P« of the counter 291 ' *™* 

voltage reference Node 266 is connected directly U A of * ounter , 2 f are commonly connected to 

to the reset pin 4 and to one terminal of a resistor 267 30 ? mle P ins 3 > 2 > ***** first ' sec ond ' 

whose opposite terminal is connected to node 270. and third count outputs 298, 299, and 301, respectively, 

Node 270 is connected through resistor 268 to pin 7, the of * he count er 297. 

discharge pin. Furthermore, node 270 is connected r ° ut P ut leads 298, 299 and 301 serve to pirate a set of 

directly to node 269 which is connected directly to the firs > «ond and third normally-open switches 202 203, 

trigger input P2 and the threshold input P6. Node 269 is 35 and 204, respecti vely, and the output terminals or 

also connected through a capacitor 271 to ground. Pin contacts of the switches 202, 203, 204 are connected to 

1, the ground pin, is connected directly to ground and f "1' "1 ™ ™, tpu ' 3 °?,' a SeCOn , d ° UtpU ! 

Pin 5, the control voltage pin is connected to ground lead 307 wh,c h is the "Y* or "Yellow output lead, and 

through capacitor 272. The P3 output pin of timer 265 to a third output lead 306 which is the G or Green 

is connected directly to the P2 trigger pin and the P4 40 0ut put. Furthermore, the opposite terminals of the 

reset pin of the 555 timer 273. switches 202, 203, and 204 are connected through nor- 

Timer 273 has the supply pin, P8, connected to the mally-open switch arms, elements or members to a posi- 
voltage supply through Node 266; the ground pin, tive source of DC voltage + V, an oscillating or rapidly 
PI connected directly to ground; and the P5 control P^sed positive voltage source Vc. and negative DC 
voltage pin connected to ground through capacitor 274. 45 input voltage source -V, respectively. The counter 
The threshold pin P6 and the discharge pin P7 are com- may he, for example, a conventional MC 1401 7B De- 
monly connected together and to one terminal of a cade counter/Divider device manufactured by Motor- 
variable resistor or potentiometer 275 whose opposite ola Semiconductor Products, Inc. of Austin, Tex. 
terminal is connected to a node 277. The supply pin P8 The sequencer circuit 287 of FIG. 36 provides a way 
of timer 273 is also connected to node 277 through 50 of automatically turning a whole string of devices on 
resistor 276. Node 277 is further connected to an output and c ff in » sequence, automatically. The timer 288 is 
285 through the series combination of capacitor 283 and used in the astable mode to generate a string of clock- 
resistor 284. Node 277 is also connected to the output like pulses which are fed to a divide-by-ten counter/de- 
lead 285 through resistor 278. The output pin, Pin 3, is coder 297. The counter/decoder 297 is really the heart 
connected directly to a node 279, and node 279 is con- 55 of the sequencer, and for each pulse it receives at its 
nected to the second output lead 286; to the cathode of input at pin 14, it generates each of the ten possible 
the first light-emitting diode 281 whose anode is con- count outputs, in turn, for one complete clock period, 
nected to output lead 285; and to the anode of a second By connecting to different outputs to a relay through a 
light-emitting diode 282 which is connected in parallel transistor driver, as conventionally known in the art, it 
and reverse polarity to the first light-emitting diode 281. 60 is possible to turn devices on and off automatically. The 
The cathode of light-emitting diode 282 is then con- three count states represented by the outputs 298, 299, 
nected to the lead 285. and 301 will sequentially close the switches 202, 203, 

The circuit of FIG. 35 employs the first timer 265 and 204, in sequence, while returning the previously 

configured in the astable mode with the reset locked closed switch to the open position so that the sequence 

continually on. Capacitor 271 establishes the timing of 65 of colors represented by leads 305, 307, and 306, respec- 

the device while capacitor 272 provides noise immunity tively, are generated in the desired sequence. It will, of 

and the like. The timer 265, in the present circuit, func- course, be understood that any desired sequence can be 

tions to supply a train of clock pulses for establishing chosen. 
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FIG. 37 represents a complete control circuit 308 for 
driving the light strings 269 of the present invention. At 
the heart of the system is a 555 IC timer 288 and a con- 
ventional divide-by-ten counter 297. Timer 288 is oper- 
ated in the astable mode so it must be continually retrig- 5 
gered. This is done by connecting the P2 trigger input 
to the P6 threshold input at node 295. In addition the 
timing resistor is now split into two separate resistors 
294 and 292, with their junction point connected to the 
P7 discharge terminal. The P8 supply pin and the P4 10 
reset pin are commonly connected at node 289. When 
power is applied to the circuit, the trigger P2 and 
threshold P6 inputs are both below the J +V internal 
reference, the timing capacitor 296 is uncharged, and 
the output is high. The output stays high for a period of 15 
time determined by the RC time constant of resistors 
291, 292, 294, and capacitor 296. 

At the end of this timing period, the voltage on the 
timing capacitor 296 will have reached the internal 
reference § + V at node 289, and the upper comparator 20 
in the timer 288 will trigger the internal flip-flop, and 
the capacitor 296 will begin to discharge through resis- 
tor 294. As the value of the voltage on the discharging 
capacitor reaches the J internal reference +V at node 
289, the timer retriggers itself and again starts to charge 25 
up to § +V at node 289 voltage. This time, the time 
required to reach § +V at node 289 is less than the 
previous time because the charging cycle is not starting 
from zero voltage, but from $ H-V. This is adjustable by 
variable resistor or potentiometer 292, which limit is set 30 
by resistor 291. Pin 3 of timer 288 outputs such pulses 
into counter 297 at pin 14. The counter 297 may be a 
five-stage Johnson decade counter with built-in code 
converter. The ten decoded outputs are normally low, 
and go high only at their appropriate decimal time per- 35 
iod. The output changes occur on the positive-going 
edge of the clock pulse at pin 14. The P13 clock enable 
, pin is set to negative with pin 8, for continuous opera- 
tion. The pin 7 output is the third counter output in the 
coded output chain and is wired back to the P15 reset 40 
pin to reset the counter 297 at the fourth count pulse. 
Pin 3 is the first count pulse that is output into dropping 
resistor 309 and is tied to spurrious filter 312 at node 
311. 

The second counter output at pin 2 is not used as the 45 
mechanical function of the relay 316 automatically pro- 
vides this state. The third counter output cycle is at pin 
4 which is tied to dropping resistor 607 and into filter 
capacitor 606. The resistors 309 and 607 drop the count- 
ers output voltage for minimum biasing for minimum 50 
current draw, but still enable correct conduction of 
relay driver transistors 313 and 604 respectively. Resis- 
tor 314 sets correct current level for operation of relay 
316 and within safe limits of the transistor 313 opera- 
tion; diode 315 is for protection to block any back-EMF 55 
resulting from current induction from relay 316 during 
turn off state; and this current is bypassed through 
clamping diode 317 to the negative or ground connec- 
tion. 

An exact duplicate circuit is used to drive relay 601, 60 
consequently using driver transistor 604 to increase 
current to relay 601 using resistor 605 blocking diode 
603 and clamping diode 602. The counter 297 can only 
drain 10 milliamps of current, and drive transistors 313 
and 604 are used to increase drive current by using 65 
NPN devices in the emmiter follower as current ampli- 
fiers only. The supply pin and reset pin are commonly 
connected through a node 289 to a regulated power 



supply +Vfl. Node 289 is connected through a resistor 
291 to the variable tap of a potentiometer or variable 
resistor 292 which has one terminal open and the oppo- 
site terminal connected to node 293. Node 293 is also 
connected to the discharge pin P7 and through a resis- 
tor 294 to node 295. 

Node 295 is commonly connected to the trigger pin 
P2 and threshold pin P6 of the timer 288 and also to 
ground through a capacacitor 296. Ground pin PI is 
connected directly to ground and the output pin P3 is 
connected to the P14 input of the counter 297. The 
supply pin, pin P16 of the Counter 297, is connected 
directly to the positive voltage supply + V/? while pins 
P7 and P15 are commonly connected together and pins 
P8 and P13 are connected to ground. The output pin, P3 
pin 3, is connected to a node 311 through a resistor 309. 
Node 311 is connected to ground through a capacitor 
312 and to the base of a npn transistor 313. The collector 
of transistor 313 is coupled to a positive source of DC 
potential -f V through a resistor 314 while the emitter is 
connected to the anode of a diode 315. The cathode of 
diode 315 is connected to ground through the parallel 
combination of an inductor 316 and diode 317 with the 
anode of the diode 317 being connected to ground and 
the cathode being connected to the cathode of the diode 
315. 

A voltage supply circuit is also provided wherein an 
input 318 which supplies a 1 10 V AC input to a primary 
transformer coil 319 of a transformer 320 which may be, 
for example, a conventional F-359XP power trans- 
former such as that manufactured by Litton Industries, 
Inc. The transformer 320 output is wired with the cen- 
ter tap grounded or negative, for supplying full wave 
rectification of alternating current into direct current. 
The resistor 327 is a surge protection resistor for protec- 
tion of dipded 328 and regulator 331 during power-up. 
Capacitor 329 and 335 are for spurious spike suppres- 
sion and diode protection; capacitor 332 is for input 
filtering for the voltage regulator 331; and the output 
filter capacitor 333 is for final filtration of the V/j supply 
line. V is an unregulated dc power supply for used for 
the higher currents supplied directly through relay 261. 
Straight AC power is taken from nodes 337 and 326 via 
resistor 346 which sets overall current for all LED's 
used on three strings. The transformer 320 has a core 
321 and a secondary 322 including secondary trans- 
former coils 324 and 325. One terminal of the secondary 
coil is connected to a grounded center tap 323 which is 
also connected to one terminal of the secondary trans- 
former coil 325. The opposite terminal of coil 324 is 
connected directly to node 326 and node 326 is con- 
nected through resistor 327 to a node 330. Node 330 is 
connected to the input of a conventional voltage regula- 
tor 331, such as a through the parallel combination of 
diode 328 and capacitor 329. Diode 328 is connected or 
poled with its anode connected to node 330 and its 
cathode connected to the input of the voltage regulator 
331. The input of the voltage regulator 331 is connected 
to ground through capacitor 332 and the output of the 
regulator 331' is connected to ground through a capaci- 
tor 333 and to a positive source of potential + Vr. The 
voltage regulator 331 may be, for example, an MC7812 
device manufactured by Motorola, Inc. 

The second terminal of the second secondary trans- 
former coil 325 is connected to node 337, and node 337 
is connected to a positive source of potential +V* 
through the parallel combination of capacitor 335 and 
diode 334 in series with resistor 336. The diode 334 is 
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poled with its cathode connected to one terminal of separate and distinct colors of three, perhaps different, 

resistor 336 at the voltage regulator 331 input, and its durations and repeating the cycle indefinitely for deco- 

anode connected to node 337. The node 326 is con- rative effects and the like. The LED's 273 and 274 serve 

nected through lead 338 to a first normally -open switch . as indicators and illustrate exactly what the sequence at : 

contact node 341 while node 337 is connected to a nor- 5 the Christmas tree light strings 269 is at any given time, 

mally-open switch contact node 347 through lead 339 The relay coil 601 is connected in parallel with a 

and resistor 346. Resistor 346 is used to set the intensity clamping diode 602 with the anode of the diode 602 

balance of the AC signal to the positive and negative connected to ground and the cathode connected to the 

DC signals. cathode of a series diode 603. The anode of blocking 

The first switch 342 has a first normally-opened 10 diode 603 is connected directly to the emitter electrode 

switch contact 343 and a second normally-closed of an npn transistor 604 whose collector is connected .- 

switch contact 344, and the second switch 348 has a through a resistor 605 to a regulated source of potential 

normally-opened switch contact 349 and a normally- + V/?. The base of transistor 604 is connected to ground 

closed switch contact 351. The switches 342 and 348 through a capacitor 606 and to one terminal of a resistor 

connect switching nodes 341 and 347 to a second set of 15 607 whose opposite terminal is connected to the P4 

switches 255 and 256, respectively, and to a nodes 263, output of the counter 297. This provides for operation 

264 via leads 345, 352, respectively. Lead 253 connects of the relay 601 in accordance with the counter output 

normally-closed switch. contact node 347 to the normal? for oscillating or sequencing the stepped -down AC 

ly-closed switch contact 261 which is connected . input signal to produce the third color, as previously 

through node 262 to a positive voltage supply +V. 20 described. 

Node 262 is connected directly to the normally-opened The timer 288 produces a repetitive output of pulses 

contact 257 of the switch 255 while the normally-closed whose rate can be controlled to determine how fast the 

second contact 258 of switch 255 is connected directly lights will sequence their color changes, from red to 

to ground and to the normally-opened switch contact green to yellow. The counter 297 counts the output 

259 of switch 256. The normally-closed contact 261 of 25 pulses from timer 288 and advances one count for each 

the switch 256 is connected to the voltage supply node incoming pulse from the timer. The relay 316 is normai- 

262 and through the switch arm and lead 254 back to ly-closed and will automatically light one color (red) 

switch node 351, as previously described. Similarly, the and when power is applied by the first count is ener- 

positionable switch arm of switch. 255 is connected gized and. switches to green. on the first count. On the. 

directly to the normally-closed switch contact 344 of 30 second count, the relay is de-energized by loss of the 

switch 342, as previously described. positive signal into the transistor 313 and relay 316 goes 

Lead 345 connects the positive voltage supply node normally-closed which is one of the regular colors, red 

341 to node 263, and node 263 is connected through a or green, as wired. Then upon the counter advancing to 

plug-like connecting means 265 to supply power to the the third count, relay 601 is energized disconnecting 

Christmas tree light strings 269 of the present invention 35 DC reverse power from relay and connecting the tree 

through connector 267. Similarly, lead 352 connects the lights output 267, 268 directly to AC power from the . 

negative voltage supply node 357 to a node 264, and transformer at nodes 326 and 337, bypassing all forms of 

node 264 is connected through the plug-like connector rectification, thus putting alternating current to both 

266 to the Christmas tree light sets 369 via lead or wire LED's 273, 274 which then light and produce the com- 

268. 40 bination or light mixtures color yellow. 

Node 263 is connected through a resistor 271 to a This sequence then goes on to repeat via the counter's 
node 272, and node 272 is connected to the anode of a counts. The voltage regulator 331 sets very well-filtered 
first light-emitting diode 273 which has, for example, a and regulated voltages V* to operate the timing circuit 
first different and distinct characteristic color, such as 288 and counter 297 and relay pull-in activations, well 
red, and the cathode of light-emitting diode 273 is con- 45 within the fluctuations which will occur due to load 
nected directly back to node 264. Similarly, node 264 is changes, by switching via relay 316 at the transformer 
connected to the anode of a second light-emitting diode 320 and diodes ungregulated DC signals to light the 
274, which also has a separate different and distinct string of LEDs 269 which are the main loads in this 
characteristic color, such as green, and the cathode of circuit. This enables the timer 288 and counter 297 to 
LED 274 is connected back to node 272. 50 function without fluctuation of timing or loss of count- 
As previously described, the operation of the control ing or errors due to surges as they have all been well-fil- 
systero 308 of FIG. 37 is relatively simple with the timer tered and regulated. The relays were designed to handle 
288 supplying a series of clock-like pulses to the counter up to 1 amp of current and with present specifications of 
297. At predetermined selected counts, (not necessarily LED loads as designed, will handle a 169 LED tree 
of the same duration) the output at pin 3 drives NPN 55 easily which requires about 1000 ma or current in the 
transistor 313 to drive the relay coil 316 supply positive present design. 

or negative DC voltage to the indicator LED's 273 and FIG. 38 represents still another control circuit 375 for 
274 and to the tree lights 269 for driving first one, and operating the Christmas tree light strings of the present 
then the other, alternately, with positive and negative invention. The control system 375 again includes a con- 
DC potential. The pin 4 output of counter 297 is con- 60 ventional 555 IC timer 288 and a conventional divide- 
nected through a drive transistor to drive relay coil 601 by-ten counter 297. Additionally, the circuit 375 in- 
to produce rapidly oscillating (for example, 60 cps) eludes a bilateral switch IC 381, an RS latch 403 a 
AC-type signals from transformer 320 via nodes 326 and Schmitt trigger 395 and a pair of NAND gates 396, and 
337 for rapidly switching between LED's 273 and 274 399. 

to produce a third different and distinct characteristic 65 The supply pin P8 and reset pin P4 of timer 288 are 

color resulting, from such a mixture or combination, connected through node 289 to a positive source of 

such as yellow in the present example. This gives the potential +V. Node 289 is connected through a resistor 

LED's the appearance of producing, sequentially, three 291 to a variable tap of a potentiometer resistor 292 
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which has one terminal open and the ppposite terminal 
connected to node 293. Node 293 is connected directly 
to the P4 discharge input and through a resistor 294 to 
node 295. Node 295 is commonly connected to the 
threshold input P6 and trigger input P2 of the timer 288 
and to ground through a capacitor 296. The ground pin 
PI is also connected directly to ground, while the out- 
put P3 is connected to the P14 input of the counter 297. 

The counter output from pin 5 is connected to the 
anode of a diode 376 whose cathode is commonly con- 
nected to input pins P6 and P12 of the bilateral switch 
381 '. Similarly, the output pin, P2 is connected to the 
anode of a second diode 377 whose cathode is com- 
monly connected to the P5 and P13 inputs of the bilat- 
eral switch 381. Pins PI, Pll and P14 of the bilateral* 
switch 341 are connected to a positive source of poten- 
tial + V while pins PI, P7 and P8 are connected directly 
to ground. 

The output from pin P10 of the bilateral DPDT 
switch IC 381 is connected to the anode of a blocking 
diode 382 whose cathode, is connected to node 384, 
while the pin P3 output is connected to the cathode of 
a blocking diode 383 whose anode is connected directly 
to node 384. Node 384 is connected through a balancing 
resistor 385 to one output node 390 and then to one 25 
input lead 389 of the tri-state light-emitting diodes 392, 
representing the light strings of the present invention. 
Similarly, the pin P7 output is connected to the cathode 
of diode 386 while the anode of diode 386 is connected 
to node 388, and the pin P2 output is connected to the 30 
anode of diode 287 whose cathode is connected to node 
388. Node 388 is connected to input lead 391 of the 
tri-state device 392. The bilateral DPDT switch 381 
may be, for example, a conventional MC14066B Quad 
Analog Switch such as that manufactured by Motorala, 
Inc. of Austin, Tex. 

The pin P4 output of counter 297 is connected 
through a voltage divider resistor 378 to node 379 
which is grounded through resistor 393. Node 379 is 
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In operation, the timer 288 produces the sequence of 
pulses establishing the rate of change of the circuit 
while the counter 297 counts the pulses to sequence the 
output between three sequential counts which in turn 
switch a first DC polarity signal to one set of LED's 
having a first different distinct characteristic color and 
through a reverse polarity to a second set of LED's 
having a second different and distinct characteristic 
color. Meanwhile, the third output of the Counter 297 is 
supplied to the gate circuitry which is configured as a 
gated oscillator to trigger the latch 403 so as to alter- 
nate, rapidly between the previously described reverse 
polarity DC states to produce the visual effect of a 
combined third different and distinct characteristic 
color, as previously described. 

Resistor 292 is the R in the R/C circuit of resistor 
292, resistor 293, and capacitor 296. Resistor 294 sets a 
modest duty cycle for the timer 288. Resistor 291 set the 
range of potentiometer 292. Potentiometer 292 is the 
frequency control of the timer 288 and puts the timer 
288 in a range for producing the actual visable optimum 
aesthetic range of color changes. The output of the 
timer 288 is sequenced by counter 297 for a 1, 2, 3 count 
only; the rest of the counter is ignored. Diodes 376 and 
377 are blocking diodes for any back EMF from switch 
381, as it is a bilateral switch and can connect feedback 
signals to counter 297. The resistors 378 and 393 set a 
lower voltage divider network at node 379 for lead 
394's input into the Schmitt trigger 395. 

The 1st count on pin 5 of counter 297 will output a 
positive voltage into switch 381 which is wired to use 
two of the four switches in this device to double its 
current-handling capabilities. The switch 381 is wired in 
a DPDT fashion (double pole, double throw) to enable 
a reversing of polarities at the outputs P2, P3, P7, P10 of 
switch 381. Diodes 382, 383, 386, and 287 are again back 
EMF blocking diodes to disallow any reverse current 
accidental inputs at the output from damaging any cir- 



also connected through lead 394 to a first input of a 40 <^ trv - J 0 * r ? istor 385 is » Xectcd }° ™ C dif T er 



two-input Schmitt trigger 395. A power supply input is 
connected to a source of potential +V while a ground 
input is connected to ground. The output of the Schmitt 
trigger 395 is connected directly to both inputs of a 
logical NAND gate 396 and to node 397 through resis- 45 
tor 398. Node 397 is connected to the second input of 
the Schmitt trigger 395 through resistor 402 and to the 
output of gate 396 through capacitor 401. The output of 
gate 396 is also connected in common to both inputs of 
another logical NAND gate 399 which functions as an 50 
inverter and to the pin P6 input of an RS latch 403, 
which performs the DPDT operations at a rate deter- 
mined by the RC timing of the gated oscillator 395, 396, 
399, while the output of the NAND gate 399 is con- 
nected to the pin PI input. The Schmitt trigger 395 55 
together with gates 396, 399 and the included circuitry, 
is configured to operate as a gated oscillator. The sup- 
ply pin P14 is connected to a positive source of potential 
+ V while the pin P2 and pin P4 outputs are commonly 



ence in intensity between green and red LED's as they 
are not matched for visability by the factories and must 
be adjusted to suit completed light strings. 

On the third count from counter 291 on pin 4 into the 
divider network of resistors 378 and 393, the input is 
used to gate on the oscillator 396, and the 395 is such a 
gate. It places the Schmitt trigger 395 in a NAND func- 
tion which then allows NAND gate 396 to start oscillat- 
ing at a frequency set by the feedback R/C network 
including capacitor 401 and resistor 398, which selects 
the frequency high enough to pass through pass cou- 
pling capacitors 404 and 405. The NAND gate 399 is 
used to invert the signal into the DPDT relay 403 and 
not falsly trigger and cause latch up and consequential 
damage to latch 403. 

The R/S latch 403 will function at frequency set by 
gate 396 and deliver a 50% positive, 50% negative duty 
cycle to the load 392. It can also be seen here that the 
diodes 382, 383, 386, and 287 are used in blocking the 



connected together through a coupling capacitor 404 to 60 signal presented from capacitors 404 and 405. This 



node 390, as previously described. Similarly, the pin P3 
and pin P5 outputs of latch 403 are commonly con- 
nected through a coupling capacitor 405 to lead 389 and 
hence to the input lead 391 and node 388 of the tri-state 
LED 392. The Schmitt trigger 395 may be, for example, 
a conventional MC 14093B Quad 2-input "NAND" 
Schmitt trigger such as that manufactured by Motorola, 
Inc. of Austin, Tex. 
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shows how an effective control arrangement can be 
constructed from a single polarity power supply or 
battery and using NO high current relays coils to do 
switching but instead, using an all solid state configura- 
tion utilizing only low current devices. This also gives 
very precise timing control and fixed duty cycle to the 
tree lights. It is a very accurate and stable method of 
achieving the desired results. 
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FIG; 39 shows a first embodiment of a driver circuit string of bi-color or tri-state LED's to be sequenced for 

400 such as that represented by the block 257 of FIG. producing, sequentially first, second and third different 

34. The driver circuit 400 uses a pair of Darlington-con- and distinct characteristic colors as previously de- 

figured power transistors 406, 409, and 407, 408. A scribed. 

positive source of potential Vcc is connected to a node 5 FIG. 40 shows another embodiment of the polarity 

417 and node 417. is connected through a resistor 411 to reversal switching circuit of block 257 of FIG. 34 

the collector of an npn power transistor 406 whose which uses a power MOSFET circuit 427 that functions 

emitter is connected to an output node 415, and whose as a double-pull, double-throw (DTDT) switch. In 

base is connected through a resistor 414 to a node 413. FIG. 40 the active elements include four power MOS- 

The node 413 serves as an input node to the first Dar- 10 p£T power transistors 428, 429, 431, and 432, respec- 

lington pair including power transistors 406 and 409. tive jy. a first input lead 433 is connected through a 

Input node 413 is connected to the input lead 412 and node 435 to the gate electrode of the third MOSFET 

through a resistor 416 to the base of npn power transis- transistor 431 and through a resistor 430 to the gate 

tor 409. electrode of the second MOSFET transistor 429. Simi- 

The input supply node 417 is connected through a 15 j ar , v> the input lead 434 is connected through a 

resistor 418 to the collector of npn power transistor 407 node ^ 6 lo the gate electrode of the fourth MOSFET 

whose emitter is connected to the output node 424 and transistor 432 and through a resistor 440 to the gate 

whose base is connected through a resistor 423 to input Strode of the first MOSFET transistor 428. The 

node 421. Input node 421 is connected to input lead 419 source Strode of MOSFET transistors 428 and 431 

th Eo g £j rCS1St ,? r 422 ^ thC baSC ° f " Ph P°^ e . rtran " 20 are directly connected to a source of potential +V. 
sistor 408. The collector of power transistor 408 is con- whUe fhc electrode of MOSFET transistors 429 
netted directly to the first output node 415 which and m m commoni led direcU to a „ tive 
supplies output dri ve power to the string of Christmas source Qf m _ y The drflin electrod es of the first 
tree lights ; or the like of the present invention via output ^ond MOSFET transistors 428 and 429, respec- 
lead or wire 425 The emitter of power transistor 408 is 25 . , commonly connected, and the common con- 
commonly coupled to the emitter of npn transistoror £ ? electrical 
power transistor 409 and then to ground V DD . The I™"™**/^^ 

collector of power transistor 409 is connected to the connector of the wiring string apparatus of the present 

secondoutpmnode424whichsuppliesoutput P owerof mventl t on ' 5™"^*? tram electro f es MOSFET 

a reverse polarity to that of output node 415 to the light 30 tTa ^ StOTS ^ and ^.^re commonly connected to- 

strings of the present invention by a lead 426. f * T " S ? P J^ ™ ° ut t put r 

In operation, the first and second npn power transis- ** the reverse P° lant y in P ut of ^ h « ht strm S s of 
tors 406 and 409, respectively, form a first pair while the th lP re !^ e , S5|! tl ? n " . A „ , f , . . 
second npn power transistors 407, 408, respectively The MOSFET circuit 427 provides very fast switch- 
form a second pair. When a signal having a first polarity 35 mg times with the restriction that the input must have 
is received on input lead 412, transistors 406 and 409 make-before-break capabnityJDue to the extremely low 
conduct to pass current from the voltage source V* to leakage current of the MOSFET transistors this circuit 
output node 415 for supplying the first polarity drive 15 most f**?* for switching relatively high currents at 
signal to the load via lead 425. Since node 413 also relatively high repetition rates. The operation of the 
connects the input signal on lead 412 to power transistor 40 circuit itself is conventional and will not be described in 
409 through lead 416, transistor 409 is also switched oh detaU herein. However, when a signal appears on input 
so that the output node 424 and the signal on lead 426 is ^ad 433, MOSFET transistors 429 and 431 conduct, so 
pulled to ground or switched off. that transistor 429 supplies negative potential to the first 

Simultaneously, since the opposite polarity signal is out PUt lead 437 while transistor 431 supplies positive 
present on lead 419, node 421 maintains transistors 407 45 current on the second output lead 438. However, when 
and 408 off to insure that the signal output node 424 is the input signal on lead 434 is high, transistors 428 and 
low or off while the signal is also passed through resis- 432 conduct to connect the positive potential to input 
tor 422 to maintain output transistor 408 off as well. As 437 and the negative potential to lead 438 thus polarity 
soon as the input signals at 412, 419 indicate that a polar- reversing the output signal for use in driving the light 
ity reversal has occurred, the signal at node 413 goes 50 strings for sequencing and the like as previously de- 
low to turn off transistor 406 and pull the first output scribed. 

node 415 low. Simultaneously, the low at node 413 FIG. 41 shows still another embodiment of the polar- 
maintains transistor 409 off while the opposite polarity ity reversal drive circuit 439 of the present invention, 
signal at node 421 turns transistor 408 off through resis- The circuit 439 includes a solid state, single chip DPDT 
tor 422. 55 relay-operated switch 450. The switch 450 has an input 
Therefore, output node 415 is held low but the input 441 with one terminal connected to one end of a relay 
signal on lead 419 is supplied to the base of transistor coil 442 while the opposite terminal of the relay coil 442 
407 causing it to conduct power from the positive is connected back to the second input terminal of input 
source of potential V a through resistor 418 and through 441. The relay coil 442 operates the switching mecha- 
the conducting transistor 407 to the output node 424. 60 nisms or switches as hereinafter described. The DPDT 
The reverse polarity input signal present at nodes 413, relay-operated switch 450 includes first, second, third, 
421 is conducted to the light strings of the present in- fourth, fifth and six switch inputs 443, 444, 445, 446, 447 
vention via lead 426 so that as the different pairs of and 448, respectively. Switch node 443 is connected to 
power transistors 406, 409 and 407, 408 are alternately the normally-closed contact 444 while the normally- 
turned off and on, the polarity of the output drive and 65 closed contact is connected to the third switch input 
output leads 425 and 426, respectively, alternates in node 445. Similarly, the fourth switch input node 446 is 
polarity as well. This enables a set of monostable light- connected to the normally-closed switch contact associ- 
emitting diodes to be alternately blinked on and off or a ated with the fifth switch input node 447 while the sixth 
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switch input node 448 is connected to a normally-closed switch 457 is connected to the anode of a diode 468 
contact. whose cathode is connected to an output node 473, and 
* Switch input nodes 444, and 448 are connected to a node 473 is connected directly to the first output lead 
positive source of DC potential +V via node 449 while 475. Similarly, the switch output terminal of switch 460 
switch input nodes 447 and 445 are connected to a nega- 5 is connected to the cathode of a diode 472 whose anode 
tive source of potential —V via node 451. These supply is connected to output node 473. Further, the switch 
the DC inputs to the switch 450. Nodes 443 and 446 output from switch 458 is connected to the anode of a 
supply opposite portions of the AC waveform from the diode 469 whose cathode is connected to the second 
relay coil 442 directly to the first and second output polarity reversal output 476 through a node 474, while 
leads 452 and 453, respectively. When the signal ap- 10 the switch output of switch 459 is connected to the 
pears at the first input terminal of input 441 the relay cathode of a diode 471 whose anode is commonly con- 
coil 442 opens the switch contact at node 444 to discon- nected to node 474. 

nect the switch from the positive source of potential and j n operation, circuit 450 provides the necessary drive 

closes switch 445 to connect the switch to the negative as we jj as rectification and back EMF protection, and 

source of potential so that the negative DC signal is 15 when a first polarity signal is present at node 55 and the 

supplied via node 443 to the output 452. Simulta- opposite polarity at node 56, switch elements 462 and 

neously, the relay coil 442 activates the second portion ^ close so that the pos i tive SOU rce of potential is con- 

of the switch so that the normally-closed contact 447 nected throU gh diode 468 to output lead 475 while 

opens to disconnect node 446 from the negative source diode 471 blocks positive DC current. Similarly, node 

of potential while normally-opened switch associated 20 456 Gannecti the opposite polarity signal to the switch 

with input 448 closes to complete a current path be- . of switches 458 and 460 for maintaining the nor- 

tween the positive source of potential and the second mally ^p en ed switch element 463 and 465 open to dis- 

output lead 453. connect the positive and negative sources of potential 

When the signal at the input 441 is reversed the relay frQm node ?4 whne closing switch e]ement ^ lo con . 

442 closes the normally-closed contact 444 while open- 25 duct iye DC cumn% tQ ^ % nQde ^ 

mg the normally-opened contact associated with node throueh diode 471 

445 so as to connect the positive source of DC potential .... s . . . '. , . rt „ , t , mm _„ 

. -.7 i r AM ~ !*• *v When the input signal is zero or reversed, the zero or 

+ V to lead 452 via node 443 white d.sconnec t >„g the J *^ 45g nonna „ 

negative source of poten nal - from n de 445_Like- opened switch elements 462 and 464 open to disconnect 

^« i%o^?^iX «1 *e Positive source of potential from diode 468 and 47!. 

negative source of potential to output 453 via node 451 r . . . _ * . , . , . 

while opening the normally-open contact 448 to break Jhf ? H ". clo ^ swlt ^ t elem f n ^ 

contact with fhe positive source of potential. Therefore, f 63 ™jL** 5 to V*™ 1 * ^JLS^V.Z ° "f'nr " P 

"0" or "1" singularity input signals produce reverse ,ead 47 * trough «» ™* the negative DC signal 

polarity drive current outputs on leads 452 and 453 for 35 to the . f ' rst °« t P ut lead 475 throu S h closed switch 465 

driving the Christmas tree light strings or the like as and 47Z _ 4 „ , _ 

previously described FIG - 43 ^presents a Silicon-Controlled Rectifier 

FIG. 42 shows still another embodiment of a double- ( SCR > ci / cuit 470 for controlling the drive of the light 
pole double-throw or DPDT switch 450 used to drive st ™e s of the P re _ sent invention and having rectification 
the light strings of the present invention. The semicon- 40 capabilities. A first AC input lead 480 is commonly 
ductor chip or IC 450 has an input 454 with one termi- connected to the anode of a first SCR 477 and the anode 
nal connected to input node 455 and the opposite termi- of a second SCR 479. The cathode of LED 477 is con- 
nai connected to input node 456. The DPDT switch 450 nected to the anode of SCR 478 and the common con- 
includes first, second, third and fourth switches 457, nation therebetween is supplied via output lead 284 to 
458, 459, and 460, respectively, and each switch has a 45 supply drive current to the light strings of the present 
normally-opened switch arm or switch element 462, invention. The cathode of SCR 478 and the cathode of 
463, 464, and 465, respectively, an output contact and a SCR 481 are commonly connected to a second AC 
switch input, as known in the art. ™Put via lead 490. The cathode of SCR 479 is directly 

With reference to the pins or pin numbers on the connected to the anode of SCR 481 and this connection 

integrated circuit chip 450, which are used solely for 50 supplies the first polarity output signal on output lead 

explanation and for the purpose of brevity, a pin will be 483. 

designated by the letter "P" while the pin number will A positive source of DC potential + V is commonly 

be placed in arabic numeral form immediately thereaf- connected directly to the gate or trigger of SCR 279 

ter. A positive source of DC potential + V is commonly and SCR 278 while a negative source of DC potential 

connected to the switching arm or moveable switch 55 -V is connected directly to the gate or trigger elec- 

element 462 and 463 of switches 457 and 458, respec- trode of SCRs 477 and 481. 

tively, through a node 466 while the negative source of In operation, the DC switching polarities represented 
DC potential -V is connected to the switch element by the positive and negative sources of DC potential 
464 and 465 of switches 459 and 460, respectively, alternately turn on SCR*s 478 and 479 to make out lead 
through node 467. 60 483 positive and lead 484 negative, respectively, while 
The first input terminal of input 454 is connected to the opposite input causes SCR*s 477 and 481 to conduct 
input node 455 and connected directly to the switch for connecting the negative portion of the AC wave- 
element 462 and 463 of the first and third switches 457 form on lead 490 to the output lead 483 and the positive 
and 459, respectively, while the opposite terminal of the portion of the AC waveform on lead 480 to the output 
input 454 is connected to an input node 456 which is 65 484 via conducting SCR 477. In this manner, the output 
commonly connected to the switch input of switches can be switched or sequenced between opposite polar- 
458 and 460, respectively for supplying the opposite ity states and used to drive the light strings of the pres- 
polarity signal thereto. The switch output terminals of ent invention with switched or rectified AC signals. 
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FIG. 44 represents a first embodiment of an output resistor 521; pin Pll is connected directly to the base of 

driver circuit 485 useable with the polarity reversal transistor 522 while P10 is connected to the base of 

circuits previously described. The driver circuit 485 transistor 522 through a capacitor 523. P9 is connected 

includes a pair of operational amplifiers 486 and 487. to directly to the emitter of transistor 522 while P3 is 

The circuit input is taken on lead 488 which receives the 5 open. PI is connected to ground through a capacitor 

timing input signals or signals from the output of the 519 while P2 is connected to a node 530 through rests- 

polarity reversal circuits previously described and tor 531. P4 is connected directly to node 530 while node 

supplies them through a resistor 489 to the inverting or 530 is connected through a capacitor 529 and com* 

negative input of amplifier 486. The output of amplifier monly connected to the base of a second pnp transistor 

486 is supplied directly to node 492 and node 492 is 10 528 and to P6 of the IC 518. The collector of transistor 
connected in a negative feedback loop or configuration 528 is connected directly to node 530 while the emitter 
to the negative or inverting input of amplifier 486 is connected directly to P7 and to P8 through a resistor 
through a feedback resistor 491. The positive input or 540. The base of transistor 528 is connected directly to 
non-inverting input of amplifier 486 is connected P6 and P5 is connected through capacitor 525 to output 
through a resistor 497 to node 498 and through a resis- 15 node 526. 

tor 496 to an output node 494. Node 494 is connected to A first and second transformer coil 541 and 542, re- 

a first output lead 495 and is further connected through spectively, are connected as follows. One terminal of 

a resistor 493 to node 492. The operational amplifiers transformer coil 541 is connected to the anode of a 

may be, for example, conventional L272M devices such diode 538 whose cathode is connected directly to the 

as those manufactured by SGS. 20 collector of transistor 522. The opposite terminal of the 

A positive source of potential +V is directly con- first transformer coil portion 541 is connected to node 

nected to the power supply input of operational ampli- 534 and to ground. The first terminal of the second 

fier 486 which is connected to ground through the par- transformer coil 542 is connected to the anode of diode 

allel combination of capacitor 499 and resistor 501. 538 while the opposite terminal is grounded. The anode 

Ground is also connected through resistor 502 to the 25 of diode 539 is connected through the series combina- 

non-inverting input of the second operational amplifier tion of resistors 436 and 437 to the collector of transistor 

487 and node 498 is connected to the power supply 522 is connected directly to node 530, and simulta- 
input of amplifier 487. The power supply input of ampli- neously the cathode of diode 539 directly to the anode 
fier 487 is also connected directly to a node 503. Node of diode 538. The anode of diode 539 is also connected 
503 is connected through the series combination of 30 to node 534 through a resistor 537 while the cathode of 
capacitor 509 and resistor 508 to an amplifier output diode 538 is connected to node 534 through resistor 536. 
504. Node 504 is connected in a negative feedback ar- The anode of diode 539 is also connected to node 534 
rangement with a resistor 506 connecting the output through a capacitor 533 while the cathode of diode 538. 
node 504 to the inverting input of the amplifier 487 for is connected to node 534 through capacitor 535. 
feedback purposes. 35 The transformer coils 541 and 542 supply the positive 

Similarly, the inverting input of amplifier 487 is con- . and negative portions of the AG waveform to the inputs 

nected through a resistor 507 to the node 492. Output P13 and P14 and P2 of IC 518 and simultaneously to the 

node 504 is connected directly to the second output lead collector of transistors 522 and 528. The transistors 522 

505 while output node 503 is connected to node 492 and 528 are driven by control signals from P10, Pll and 

through the series combination of capacitor 511 and 40 P6, respectively of the IC 518 for driving the signal on 

resistor 512. output lead 517. When the polarity of the of the input 

In operation, the drive circuit 485 is responsive to the signals reverse, the output of amplifier 514 is supplied to 

reverse polarity input signals on lead 488 to generate a P16 and causes the opposite conductivity of transistors 

plus and minus switch output which is both current- 522 and 528, respectively for reversing the polarity of 

limited and overload protected. The operation of the 45 the output drive signal of lead 517 for use as previously 

amplifiers 486 and 487 is conventional and will not be described herein. 

described further herein. FIG. 46 represents a complete control circuit 540 
FIG. 45 is an alternate embodiment of the output useful in driving the light strings of the present inven- 
driver circuit 485 of FIG. 44 representing a more so- tion. The main components of the control circuit 540 
phisticated driver circuit 513. The input of the driver 50 include a conventional 555 IC timer 288, a divide-by-ten 
circuit 513 is taken from lead 515 which is connected to counter 297, a bilateral switch assembly 381, and a pah- 
one terminal of a potentiometer resistor 516 whose of Silicon-Controlled Rectifiers 543 and 544. The 555 
opposite terminal is grounded. A variable tap on the timer 288 has its supply input P8 and reset input P4 
potentiometer 516 is connected directly to the non- connected to a positive source of potential + V through 
inverting input of amplifier 514 while the inverting 55 node 289. Node 289 is connected through a resistor 291 
input of operational amplifier 514 is connected through to the tap of a variable resistor or potentiometer 292 
a resistor 532 to output node 526. Output node 526 is having one terminal floating and its opposite terminal 
connected to the circuit output lead 527 while the oppo- connected to a node 293. Node 293 is connected di- 
site circuit output lead is grounded. One reference input rectly to the discharge input P7 and through a resistor 
of the operational amplifier 514 is grounded and pin P12 60 294 to a node 295. Node 295 is connected directly to the 
of IC circuit 518 is connected directly to ground while threshold input P6, the trigger input P2, and to one 
pin P15 is connected to ground through capacitor 517. plate of a capacitor 296 whose opposite plate; is con-. 
The opposite reference input is connected to IC input nected to ground. The ground pin PI is also connected 
PI and to ground through a capacitor 519. directly to ground and the output P3 is connected di- 

The integrated circuit 518 has P16 directly connected 65 rectly to the P14 input of the counter 297. 

to the output of the amplifier 514; Pin 13 connected The divide-by-ten counter 297 has P16 connected to 

directly to the collector of an npn transistor 522; P14 is a positive source of potential +V; P7 connected di- 

connected to the collector of transistor 522 through a rectly to PIS; and both P8 and P13 commonly con- 
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nected to ground. The counter outputs P2, P3 and P4 
are connected via counter output leads 299,. 298, and 
301, respectively to the P5, P13 and P6 inputs of the 
bilateral switch assembly 381. P14 of the switch assem- 
bly is connected directly to the source of potential + V 5 
while P7 is grounded. 

The PI, P3, and P8 outputs of the bilateral switch 381 
are commonly connected to one terminal of a resistor 
545 whose opposite terminal is connected directly to an 
AC source 463 of potential. The AC source of potential 1° 
463 is also connected to the cathode of a SCR 543 
whose anode is connected to a node 549 and to the 
anode of a SCR 544 whose cathode is connected to 
node 549 through a resistor 548. The SCR's 543 and 544 
are, therefore, oppositely poled to handle reverse polar- 15 
ity signals. The gate electrode of SCR's 543 and 544 are 
commonly connected to the anode of a diode 546 whose 
cathode is connected to P2 of the bilateral switch as- 
sembly 381 and through a resistor 548 to node 549. P4 of 
the bilateral switch 381 is connected directly to the £V 
junction of the anode of blocking diode 546, to the 
cathode of diode 547, to one terminal of resistor 548 and 
directly to the gate electrode of the SCR's 543 and 544. 

Similarly, P9 is connected to the anode of diode 547 25 
whose cathode is connected directly to the junction of 
the anode of blocking diode 546 and one terminal of 
resistor 548 and thence to the gate electrode of SCR's 
543 and 544. Node 549 is connected through a resistor 
551 to one terminal of a bi-color or tri-state LED 177 3Q 
'"_ whose opposite terminal is connected to output lead 544 
:and to one terminal of a potentiometer 552 whose oppo- 
site terminal is grounded. Node 549 is also connected 
directly to the other output lead 553. 

The control circuit 540 also includes its own power 35 
supply portion and includes an input 555 operatively 
coupled through a normally-opened switch 556 and 
"through a fuse 557 to a selected one of two primary 
. transformer coils 558 and 559 of a transformer 732 hav- 
ing a core 561. The primary coil 558 may be, for exam- 40 
pie, adapted to receive a 1 10 volt AC signal while the 
primary coil 559 is adapted to receive a 220 volt AC 
signal, or the like. The transformer also includes a sec- 
ondary transformer coil 562 having one terminal con- 
nected to node 456 and its opposite terminal connected 45 
to node 466. Node 465 is connected to an output 463 
while node 466 is connected to an output 464. Node 465 
is also connected to the anode of a diode 467 whose 
cathode is connected to a conventional voltage regula- 
tor 572 and through a capacitor 573 to ground. Node 50 
465 is also connected to the cathode of an oppositely- 
poled diode 468 whose anode is connected to ground 
and to the anode of a diode 469 whose cathode is con- 
nected to node 466. Node 466 is connected to the anode 
of a diode 470 whose cathode is connected to the junc- 55 
tion of the cathode of diode 467 and the input of the 
voltage regulator 572. The output of the voltage regula- 
tor supplies a regulated DC voltage V rey and the output 
is connected through capacitor 574 to ground. 

In operation, the timer 288 supplies a series of adjust- 60 
able switching pulses which determine the timing or 
sequencing rate of the color changes of the circuit to the 
counter 297, and preselected counts operate the bilat- 
eral switches for polarity reversing purposes. When the 
count on P2 goes high on lead 298, PI is connected to $5 
P2 of bilateral switch 381 to allow diode 546 to conduct 
negative pulses or i of the 60 cycle AC waveform re- 
duced voltage from AC input 463. This in turn allows 



SCR 543 to conduct and supply voltage to illuminate 
one portion of the LED 177. 

When counter 297 has advanced to supply a signal, 
when P4 of counter 297 goes high, then P6 of bilateral 
switch 381 connects P8 and P9 together and supplies 
AC signal decreased by resistor 545 from AC input 463. 
This allows diode 547 to conduct positive £ AC signal 
to the SCR 544 and reverses polarity to produce the 
second and different color within the LED 177. When 
the counter 297 advances to the P# terminal and pro- 
duces a high state at control P5 of switch 381 which 
connects P4 to P3, then the full wave AC from source 
AC1 is connected to both SCR's 540 and 543 simulta- 
neously causing both to turn on and off on each wave 
front as sent to their respective gates; causing LED 177 
to rapidly switch from one state to the next causing yet 
a third different and distinct combination-produced 
color from the two LED elements within LED 177. 
The return path for the AC wave is through regulator 
552 to set the desired current and intensity on the over- 
all tree lighting which is basically a dimmer control to 
achieve a dim lighting effect, if desired. 

The SCR's 543 and 544 have the ability to handle 
large amount of AC current directly from the input 
transformer 561 plus have the ability to half wave rec- 
tify AC current at the same time, thus they can be con- 
trolled with little gate current to perform an on and off 
function of rectification and switching to a many 
LED'S 177 on a light string. This again enables two 
polarity outputs from a single polarity supply 570. 

FIG. 47 illustrates another relatively simple control 
circuit 701 useable with the light strings of the present 
invention. The circuit 701 has a 110 V AC input 702 
connected to opposite terminals of the primary coil 704 
of a transformer 703 having a core 706 and a secondary 
coil 707. A fuse 705 is connected in series with the 
primary coil 704. One terminal of the secondary coil 707 
is connected through a current or intensity control 
resistor 708 to the switch arm 711 of a three position 
switch 709. Switch 709 includes a positionable switch 
element 711; a first switch contact connected to the 
cathode of a diode 712 whose cathode is connected to 
node 715; a second switch contact which is connected 
directly to node 715 via lead 713; and a third switch 
contact connected to the anode of a diode 714 whose 
cathode is connected to node 715. Node 715 is con- 
nected to output lead 720 which is electrically con- 
nected to LED 716 via nodes 718. The opposite termi- 
nal of the secondary coil 707 is connected to output lead 
721 which is electrically connected to LEDs 716 via 
node 719. 

In operation, the AC input waveform is stepped 
down and supplied to the switch 709. When the switch 
arm 711 is closed on the first contact, diode 712 clips the 
waveform and passes only the negative polarity signal 
to the LEDs 716. With switch arm 711 positioned on 
the second contact, both positive and negative wave- 
form portions are passed to note 715 so that LEDs 716, 
receive oscillating or rapidly changing alternate polari- 
ties for producing the third or mixed color. Lastly, 
when the switch arm is closed on the third contact, the 
positive portion of the AC waveform supplies a positive 
drive to LEDs 716, thereby producing three different 
and distinct colors from two colored LEDs. 

The purpose of this circuit 701 is to show that a half 
wave rectification presenting unfilltered chopped 60 
cycle or AC will effectively light LEDs at a 50% duty 
cycle or half wave and still give the full apparency of 



the correct result of one color on only one LED 716 on, 
or switch 709 put in position on contact 713 allowed full 
wave AC current which then would light both LEDs 
giving the third and combination color and reversal by 
diode 714 would cause the other color of LED of 716 to 5 
be energized. All this with minimum of components and 
the utmost of simplicity. Resistor 708 is for intensity 
control or maximum allowable current into said number 
of parrallel LEDs 716. 

In FIG. 48, the AC input signal is used to produce a 10 
stepped-down AC voltage, such as 12.6 volts AC, 
across the secondary coil 734. When the switch element 
745 is positioned on the first switch terminal at the 
cathode of diode 744 only the negative portion of the 
AC waveform is supplied to node 737 so that the SCR 15 

736 is not switched on. With the SCR 736 off, the posi- 
tive waveform portion is transmitted directly to node 
741 so that a first LED portion is illuminated to produce 
the first different and distinct characteristic color previ- 
ously described. However, when the switch element 20 
745 is positioned to the third switch contact at the 
anode of diode 746, the cathode of diode 746 supplies a 
positive portion of the AC waveform to node 737 caus- 
ing SCR 736 to be switched to a conductive state for 
passing the positive waveform portion to nodes 739 for 25 
illuminating the second LED portion of diodes 742, 743 
for producing the second different and distinct charac- 
teristic color. 

Lastly, when switch element 745 is positioned on lead 
745, the non-rectified AC voltage is supplied to node 30 

737 causing the SCR 736 to transmit during each posi- 
tive waveform portion and to switch off during each 
negative waveform portion by the current through 
resistor 738. In this manner, the LED 742 and 743 are 
alternately illuminated with a first polarity and second 35 
polarity signal resulting from the positive and negative 
waveform portions of the AC input causing the first and 
second colors to be produced to rapidly for the human 
eye to see and resulting in the apparent production of a 
third different and distinct characteristic color as previ- 40 
ously described. 

FIG. 48 is an alternate embodiment of the circuit of 
FIG. 47 and utilizes SCR control. The circuit 730 has a 
1 10 V AC input 731 to the primary coil 733 of a step- 
down transformer 732 having secondary coil 734. One 45 
terminal of the secondary coil 734 is connected to a 
node 735 which is connected both to a positionable 
switch element or arm 745 of a three position switch 740 
and to the anode of an SCR 736. The cathode of SCR 
736 is connected to a first output node 739 and to the 50 
switch output node 337. A first switch contact is con- 
nected to die cathode of a diode 744 whose anode con- 
nects to node 737; a second switch contact is connected 
directly to node 737 via lead 745; a third switch contact 
is connected to the anode of a diode 746 whose cathode 55 
connects to node 737; and the gate or trigger electrode 
of the SCR 736 is connected directly to switch output 
node 737. Node 737 is connected through a resistor 738 
to the first output node 739 while the opposite terminal 
of the secondary coil 734 is connected directly to the 60 
second output node 741. The LED strings are then 
connected to output nodes 739, 741 as previously de- 
scribed. 

In operation, when a positive portion waveform is 
received at contact three via closed switch arm 745, the 65 
SCR is turned on each half cycle to pass a positive 
polarity signal to output node 739. When the negative 
portion of the waveform is received at the first contact, 



the SCR passes the negative portion to produce the 
second color. Lastly, when switch arm 745 is closed on 
the second contact, the rapidly oscillating waveform 
turns the SCR 736 on and off for rapid polarity reversals 
to mix the first and second colors and generate the third 
color as previously described. 

The circuits previously discussed herein were de- 
signed to allow switching circuitry of minimum compo- 
nent count to realize cost effectiveness for mass manu- 
facturing techniques. All of the electronic switching 
components and supply isolation transformers would 
preferably be housed and potted or . sealed in one sepa- 
rate enclosure which will plug right into the wall plug 
receptacle to support the complete assembly. The as- 
sembly is to include an indicator light and also an on-off 
switch which, could be positioned on the same shaft as 
the rate change control. 

The bi-color LED drive schematics show the very 
basic concepts of switching, either manually or auto- 
matically, to show that the LED diodes or diode por- 
tions will run within their manufactured parameters 
using both AC source for half-wave illumination/rec- 
tification to light both alternately on the plus/minus 
swing of the 60 cycle AC waveform. Timing control 
circuits illustrate basic designs to create timing changes 
to automatically change from one state to the next a 
sequential order of, for example, red, green, yellow or 
the like. The timer-counter arrangement utilizes the 
outputs of the counter to directly interphase with 
switches whose purpose it is to isolate the AC and the 
positive and negative DC voltages from the control 
circuits. The output of the switches can either power 
small tree or swings up to 25 milliamps or be used as a 
pre-drive circuit to control power drivers for driving 
substantially longer strings. 

The additional timing and switching control circuits 
show various means for producing the tri-color effect 
described previously. It is extremely important to note 
that tests have revealed that it is unnecessary to follow 
manufacturer's recommendations of a dropping current 
limiting resistor to be located in each and every LED 
and it has further been discovered that if the LED's are 
treated as a rectifiers as they are and not as lights or a 
resistive element then they are capable of separate con- 
ductions in an AC wavefront especially if they are 
wired in a series/parallel arrangement as previously 
described. 

While manufacturer's take into account each LED's 
milliamp current drain and state, the parallel connec- 
tions used herein will increase the current with each 
successive LED according to Ohm's law, actual tests 
reveal that LED's wired in parallel to produce a pre- 
dicted large milliamp drain assuming a 20 milliamp 
capacity for each LED did, in fact, result in an increase 
of 40 milliamps for each LED and the total current 
never exceeded one thousand milliamps total. This may 
be, perhaps, explained by taking into account the fact 
that LED's are not resistive elements as contemplated 
by Ohms's law. Rather, they are diodes having certain of 
the characteristics thereof. It appears safe to say that 
many more diodes can be driven by the circuitry of the 
present invention and predicted by the manufacturer's 
specifications. 

In an attempt to minimize the number of components 
and move toward solid state reliability, a number of 
integrated circuit chips are used in the circuits of the 
present invention. The most common chip used herein 
is the timer which may be a conventional 555 integrated 
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circuit chip; the quad bilateral switch may be a conven- 
tional 4066 integrated circuit chip; and the decade 
counter may be a conventional 4017 intergrated circuit 
chip. Similarly, the operational amplifier may be a LM 
741; the multi- vibrator may be a conventional 4047 
chip; and the circuit 518 of FIG. 45 may be a conven- 
tional 8036 chip; the Schmidt trigger circuit may be a 
conventional 4093 chip and the voltage regulator may 
be a conventional 78L08CP voltage regulator chip. All 
of these chips are available from one or more companies 
and are conventionally used in the prior art. 

With this detailed description of the specific appara- 
tus and circuitry used to illustrate the preferred embodi- 
ment and various alternate embodiments of the present 
invention and the operation thereof, it wll be obvious to 
those skilled in the art that various modifications can be 
made in this invention without departing from the spirit 
and scope of the present invention which is limited only 
by the appended claims. 

We claim: 

1. A miniature light bulb apparatus for strings of 
Christmas tree lights, Christmas decorations, ornamen- 
tal light strings, decorative lights and the like compris- 
ing: 

a light-emitting diode; 

an envelope means operably disposed about at least a 
portion of said light-emitting diode; and 

light-conducting spherical means operably disposed 
within said envelope means for transmitting, dis- 
persing, and difussing the light emitted from said 
light-emitting diode. 

2. The miniature light bulb apparatus of claim 1 fur- 
ther including light-transmitting epoxy means operably 
disposed within said envelope and about said spherical 35 
means for maintaining the configuration of said spheri- 
cal means within said envelope means and aiding light 
.conduction and transmission within said envelope 
imeans. 

: 3. The miniature light bulb apparatus of claim 2 ^ 
wherein said spheircal means are operably disposed 
proximate the inner surface of said envelope means and 
the area about the longitudingal axis of said envelope 
means is substantially devoid of said spherical means. 

4. The miniature light bulb apparatus of claim 1 fur- 45 
ther including liquid light-conducting means operably 
disposed within said envelope means and means for 
sealing said envelope means to prevent the leakage of 
said liquid therefrom. 

5. The miniature light bulb apparatus of claim 4 
wherein said liquid includes carbontetrachloride. 

6. The miniature light bulb apparatus of claim 1 
wherein said envelope means includes a plastic material. 

7. The miniature light bulb apparatus of claim 1 
wherein said envelope includes glass. 

8. The miniature light bulb apparatus of claim 1 
wherein said spherical means includes plastic balls. 

9. . The miniature light bulb apparatus of claim 1 
wherein said spherical means includes glass balls. 

10. The miniature light bulb apparatus of claim 
wherein said spherical means include substantially opti- 
cally perfect balls. 

11. The miniature light bulb apparatus of claim i 
wherein said spherical means includes balls of substan- 
tially uniform size. 

12. The miniature light bulb apparatus of claim 1 
wherein said spherical means include a mixture of 
spheres having at least some different diameters. 
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13. The miniature light bulb apparatus of claim 
wherein said spherical means includes large balls having 
a diameter substantially equal to the inside diameter of 
said envelope means for stacking said spherical means 
one on top of the other in a single file therein. 

14. The miniature light bulb apparatus of claim 1 
wherein said envelope means is formed in any conven- 
tional light bulb shape. 

15. The miniature light bulb apparatus of claim 1 
wherein said envelope means is an elongated, generally 
cylindrical shell at least partially open at one end for 
operatively receiving said light-emitting diode therein 
and generally tapered to a tip at the opposite end for 
decorative purposes and the like. 

16. The miniature light bulb apparatus of claim .1 
wherein said envelope means is in the shape of a right 
cylinder. 

17. The miniature light bulb apparatus of claim 1 
wherein said envelope means is in the shape of a hollow 

20 sphere. 

18. The miniature light bulb apparatus of claim 1 
wherein said envelope means includes at least a partially 
opened end for operatively receiving the light-emitting 
diode therein and a closed end, said closed end includ- 
ing a hook portion for hanging from Christmas tree 
limbs and the like. 

19. The miniature light bulb apparatus of claim 1 
wherein said spherical means includes a plurality of 
optical balls densely packed within said envelope 
means. 

20. The miniature light bulb apparatus of claim 1 
wherein said spherical means includes a plurality of 
optical balls loosely packed within said envelope means. 

21. The miniature light bulb apparatus of claim 1 
wherein said light-emitting diode has an intensity within 
the range of 2mcd ^ 1 ^ 24. 

22. The miniature light bulb apparatus of claim 1 
wherein said light-emitting diode has an intensity within 
the range 24mcd ^ 1 ^ 500mcd. 

23. The miniature light bulb apparatus of claim 1 
wherein said light-emitting diode has an intensity with a 
range greater than 500m cd. 

24. The miniature light bulb apparatus of claim 1 
wherein said light-emitting diode is colored. 

25. The miniature light bulb apparatus of claim 24 
wherein said light-emitting diode is at least one of red, 
green, yellow, amber, orange, and blue. 

26. The miniature light bulb apparatus of claim 1 
wherein said light-emitting diode is multi-colored. 

27. The miniature light bulb assembly of claim 1 
wherein said light-emitting diode is bi-colored. 

28. The miniature light bulb apparatus of claim 1 
wherein said light-emitting diode is tri-colored. 

29. The miniature light bulb apparatus of claim 1 
wherein said envelope means is substantially transpar- 
ent. 

30. The miniature light bulb apparatus of claim 1 
wherein said envelope means is substantially translu- 
cent. 

31. The miniature light bulb apparatus of claim 1 
wherein said envelope means is tinted. 

32. The miniature light bulb apparatus of claim 1 
wherein said envelope means is colored. 

33. A miniature light bulb comprising: 
a light-emitting diode; 

envelope means substantially surrounding said light- 
emitting diode and having a central axis parallel to 
the direction in which said light-emitting diode 
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transmits light, the surface of said envelope means scarifying the outer peripheral surface of the enve- 

being scarified for diffracting light away from said lope to increase light diffusion and transmission 

axis and out of said envelope for increased visibility therefrom; 

on the part of an observer; a lightrconducting iiq- inserting a light-emitting diode into the at least par- 

uid operably disposed within said envelope means 5 tially opened portion at one end of the envelope; 

for conducting light along said axis and radially sealing the at least partially opened end to contain the 

outward therefrom to said scarified surface; and light-emitting diode; and 

means for sealing the envelope to prevent the leakage adding a light-conducting liquid to the hollow inte- 

of said liquid therefrom. rior of the envelope to increase the light-conduct- 

34. The miniature light bulb apparatus of claim 33 10 ing diffusion and transmission properties thereof, 
wherein the outer surface of said envelope means is 41. The method of claim 40 wherein said light-con- 
scarified in a uniform pattern. ducting liquid includes light-transmitting epoxy. 

35. The miniature light bulb apparatus of claim 33 42. An improved miniature light bulb apparatus in- 
wherein said scarified surface includes a fresnel defrac- eluding a generally elongated envelope having a hollow 
tion pattern for increasing the visibility of the light to an interior, a longitudinal axis extending through the hol- 
observer. l° w interior, the envelope having at least one partially 

* 36. The miniature light bulb apparatus of claim 33 opened end portion and one closed end portion, the 

wherein said light-conducting liquid includes light-con- envelope including at least one of light-conducting glass 

ducting epoxy means. n and plastic material and being at least one of transpar- 

37. A method of making a miniature light bulb appa- 2 ent, translucent, tinted, and colored, the improvement 
ratus comprising the steps of: comprising: 

molding a generally elongated light-conducting enve- a light-emitting diode operably disposed within the at 

lope having a hollow interior, at least one partially !east partially opened end portion of the envelope 

opened end, and a closed end; 2 5 and into the hollow interior for transmitting light 

inserting light-conducting optical spheres into the along the longitudinal axis and radially outward 

hollow interior of the envelope; therefrom; 

adding epoxy to the interior of the envelope for bind- mea ns for sealing the at least partially opened end; 

ing the optical spheres in place; a / ld „ , . „ a . . J 
positioning a light-emitting diode into said at least 30 a Polity of substantially spherical light-conducting 
partially opened end of said envelope, with the balls operab y disposed within the hollow interior 
electrical leads of the diode extending therefrom; ofsaid envelope, 
curing the epoxy/sphere mixture for hardening same; ^ J* 1 * im P?^ mm f l " re h f ht *PP arat f u * ° u f clawn 
sealing the at least partially opened end with the « wherein said balls include at east one of hght-con- 
electrical leads extending therefrom to prevent the 35 ducting glass and plastic materials, 
leakage of epoxy and optical spheres from the hoi- _ 44 ™ e ""proved immature light bulb apparatus of 
low interior of the envelope; and claim 42 wherein said balls are at least one of uniform- 
electrically connecting power transmission means to ™* and mixe ? * z * 6 ' m M Q _, I1C - . . 
the diode leads for powering the light-emitting imp .?^ miniature light apparatus of claim 
diode pwwcnng ujc ijgm cmumig ^ ^ wherein sai<J balls mc | u< | c . at least one of solid and 

38. ^emethodof 'l?^ light bulb apparatus of 
of directing the optical spheres to the inner surface of c)aim 42 wher eih said balls have a relatively large diam- 

th L en ^ l0Pe *t I* CP °? y CU ' eS ' r u eter slightly smaller than the inner diameter of said 

39. The method of manufacturing a mmiature bght envel or^ for stacking therein, one upon the other, along 
bulb compnsing the steps of: ™ ^ longitudinal axis. 

molding a generally elongated, substantially transpar- 4? ^ improved miniature light bulb apparatus of 

ent envelope having a hollow interior portion, at claim 42 wherein ^id bans ^ substantially optically 

least one partially opened end, and a closed end; perfect. 

inserting light-conducting spherical balls into the $Q jg/.-ffae improved miniature light bulb apparatus of 

hollow interior of the envelope during said mold- clfdm 42 wherein further including at least one of air, 

ing step; light-conducting epoxy, and light-conducting liquid 

adding at least one of a light-conducting liquid and operably disposed within the hollow interior of said 

light-conducting epoxy to the interior of the enve- envelope for improving the light transmission and diffu- 

lope during the molding step for immersing the $ 5 sipn properties thereof. 

optical balls disposed therein; 49, An improved miniature light bulb apparatus in- 
positioning the light emitting diode within the at least eluding a generally elongated envelope having a hollow 

partially opened end for emitting light along the interior with a longitudinal axis therethrough, at least 

axis of the hollow interior thereof; and one partially opened end, and a closed end, the im- 

sealing the at least partially opened end to prevent the $0 provement comprising: 

escape of liquid and epoxy therefrom. a plurality of light-conducting spheres operably dis- 

40. The method of manufacturing a miniature light posed wihin the hollow interior of said envelope 
bulb comprising the steps of: for improving the light diffusion and dispersion 

molding a generally elongated, light-conducting en- characteristics thereof and the visibility of the bulb 

velope having a hollow interior, an axis extending 65 to an external observer; 

longitudinally through the hollow interior, and a miniature incandescent bulb operably disposed 

said envelope having at least a partially opened through the at least partially opened end of the 

portion at one end thereof; envelope and into the hollow interior thereof; and 
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means for sealing the at least partially opened end of 
the envelope for retaining the spheres and said 
incandescent bulb therein. 

50. The improved miniature light bulb apparatus of 
claim 49 further including at least one of light-conduct- 5 
ing epoxy, light-conducting liquid, and air operably 
disposed within the hollow interior of said envelope and 
sealed therein for increasing the light transmission and 
diffusion characteristics of the bulb. 

51. The improved miniature light bulb apparatus of 10 
claim 49 wherein said envelope includes at least one of 
light-conducting glass and light-conducting plastic ma- 
terial. 

52. The improved miniature light bulb apparatus of 
claim 49 wherein said optical spheres include at least 15 
one of light-conducting glass and light-conducting plas- 
tic balls. 

53. An improved string of Christmas tree lights hav- 
ing a plurality of electrical conducting means and a 
power source for supplying electrical current thereto, 20 
the improvement comprising: 

a plurality of light-emitting diodes electrically con- 
nected along said electrical conducting means for 
receiving electrical current therefrom and adapted 
to be placed in various arrangements about a Chris- 25 
tmas tree for display purposes; 

a plurality of light-conducting envelopes, each of said 
envelopes being substantially hollow and having a 
longitudinal axis therethrough, each of said envel- 
opes having at least a partially opened end for 30 
operatively receiving at least a portion of said 
light-emitting diode therein and a closed end; and 

a plurality of light-conducting optical spheres opera- 
bly disposed within said hollow interior of said 
envelopes for improved light diffusion and trans- 35 
mission characteristics. 

54. The improved string of claim 53 wherein said 
connector means includes: 

a master trunk line adapted to be secured substantially 
vertically down the trunk of a Christmas tree, said 40 
master trunk line including at least upper and lower 
master separate and distinct trunk line sections 
electrically connectable and unconnectable to each 
other in a series electrical path; 

a plurality of groups of limb light sets adapted to be 45 
positioned substantially horizontally along the 
Christmas tree branches, each of said groups in- 
cluding a plurality of limb light sets selectively 
connectable and unconnectable from said master 
trunk line, each set being electrically connected in 50 
parallel with the other light limb sets in said group; 

a plurality of light-emitting diodes operably disposed 
at predetermined distances along said limb light 
sets for decorative purposes, said light-emitting 
diodes within each limb light sets being electrically 55 
connected in series with one another; and select- 
ably operable fastening means for connecting and 
unconnecting said light limb sets to said main trunk 
line at predetermined locations therealong for ease 
of assembly, disassembly, and replacement of said 60 
light-emitting diodes. 

55. The improved string of claim 54 wherein said 
fastening means are operably disposed a predetermined 
distance "m" apart along said substantially vertical 
master trunk line where 4^m^= 18 inches, 65 

56. The string of claim 54 wherein said light-emitting 
diodes are operably disposed on said limb lines a prede- 
termined distance "n" apart where l^n^ 12 inches. 



57. The string of claim 54 wherein each limb light set 
is a twisted pair representing different segments for 
different tree branches and at least one light-emitting 
diode is operably disposed at the distal end of each 
twisted pair limb line segment. 

58. The string of claim 54 wherein said plurality of 
limb lines may be divided into upper and lower groups 
associated with said upper and lower master trunk lines 
sections, respectively, where each group includes a 
plurality of limb line sets each having a predetermined 
length beginning at the top of the master trunk line and 
increasing in length at predetermined increments down 
the master trunk line to the base so that an additional 
longer set of limb lines can always be added to the 
bottom while another set is added to the top so that the 
string is adaptable for any height of tree. 

59. The string of claim 53 wherein each of said envel- 
opes includes at least one of light-conducting glass and 
light-conducting plastic material. 

60. The string of claim 53 wherein said spheres in- 
cludes at least one of light-conducting glass and light- 
conducting plastic material. 

61. The string of claim 53 wherein said spheres are 
adapted to be operably disposed within said hollow 
interior are at least one of a uniform sizes, mixed sizes, 
or a single large diameter size where the diameter of the 
sphere is approximately equal to the width of the hol- 
low interior for stacking the spheres upon one another 
along said axis. 

62. The string of claim 53 further including at least 
one of light-transmitting epoxy and light-transmitting 
liquid operably disposed within said hollow interior of 
said envelope for improved light transmission and diffu- 
sion therethrough. 

63. The string of claim 53 wherein said plurality of 
light-emitting diodes have luminous intensities in the 
range of 2 mcd to 500 mcd. 

64. The string of claim 53 wherein each of said upper 
and lower master trunk line sections, said upper and 
lower limb light groups, and opposite halves of the tree 
include an equal number of LEDs therein. 

65. The string of claim 53 wherein said plurality of 
LED's has a luminous intensity in a range of 500 mcd or 
greater. 

66. A string of Christmas tree lights comprising: 

a master trunk line adapted to be disposed substan- 
tially vertically along the height of the Christmas 
tree for conducting electrical current supplied 
thereto, said master trunk line having at least an 
upper nad lower master trunk line portion electri- 
cally connected in series with one another; 

trunk line fastening means for selectively connecting 
said upper and lower portions in electrical series 
with one another; 

a plurality of limb light sets adapted to be operably 
disposed substantially horizontally along the 
branches of the tree, said plurality of limb light sets 
being divisible into upper and lower groups of 
individual light limb sets, the individual light limb 
sets within a given group being electrically con- 
nected in parallel with one another; 

a plurality of light-emitting bulbs operably disposed 
at predetermined intervals along the length of each 
of said sets for decorative purposes; and 

selectively operable limb line fastening means for 
mechanically and electrically connecting and un- 
connecting each of said individual limb light sets of 
said upper and lower groups of light limb sets to 
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corresponding ones of said upper and lower 
groups, respectively, of said master trunk line for 
supplying current thereto; 
said plurality of light bulbs includes at least one of 
light -emitting diodes and miniature incandescent 5 
bulbs; 

a plurality of light-conducting envelopes each includ- 
ing a hollow interior portion, at least a partially 
opened end, and an opposite closed end, each of 
said envelopes including at least one of light-con- 1° 
ducting glass and light-conducting plastic material; 
and 

a plurality of tight-conducting spherical balls opera- 
tive! y disposed within the hollow interior of said 
envelopes and sealed therein for improved light 15 
transmission and diffusion characteristics. 

67. The light string of claim 66 wherein said balls 
include at least one of light-conducting glass and light- 
conducting plastic material. 

68. The light string of claim 66 wherein said plurality 
of spherical balls include at least one of a uniform mix- 
ture of substantially equally dimensioned balls, a mix- 
ture of balls of various dimensions, and a plurality of 
relatively large balls having a diameter substantially 
equal to size of the hollow interior of the envelope for 
stacking the balls along the axis of the interior one on 
top of the other. 

69. The light string of claim 66 further including at 
least one of light-transmitting epoxy and light-transmit- 3Q 
ting liquid operably disposed within the hollow interior 

of said envelopes for improved light transmission char- 
acteristics. 

70. A string of Christmas tree lights comprising: 

a master trunk line adapted to be disposed substan- 35 
tially vertically along the height of the Christmas 
tree for conducting electrical current supplied 
thereto, said master trunk line having at least an 
upper and lower master trunk line portion electri- 
cally connected in series with one another; 40 

trunk line fastening means for selectively connecting 
said upper and lower portions in electrical series 
with one another, 

a plurality of limb light sets adapted to be operably 
disposed substantially horizontally along the 45 
branches of the tree, said plurality of limb light sets 
being divisible into upper and lower groups of 
individual light limb sets, the individual light limb 
sets within a given group being electrically con- 
nected in parallel with one another; 50 

a plurality of light-emitting bulbs operably disposed 
at predetermined intervals along the length of each 
of said sets for decorative purposes; 

selectively operable limb line fastening means for 
mechanically and electrically connecting and un- 55 
connecting each of said upper and lower groups of 
individual limb light sets to said upper and lower 
master trunk line portions, respectively, for supply- 
ing current thereto; and 

a plurality of glass fragments operably disposed at 60 
least against the interior surface within the hollow 
interior of said envelopes. 

71. The light string of claim 70 wherein said plurality 
of glass fragments include at least one of substantially 
regular geometric shapes and defined crystalline struc- 65 
tures. 

72. A miniature light bulb apparatus for use in a string 
of Christmas tree lights or the like comprising: 



a light-emitting device including a light-emitting por- 
tion, a base portion opposite the light-emitting 
portion, and at least first and second electrodes 
extending from the base portion of the light emit- 
ting device; 

generally elongated envelope means having a hollow 
interior with a longitudinal axis therethrough and 
an aperture at one end thereof, said light-emitting 
device being operably disposed at least partially 
through said aperture and within said hollow inte- 
rior of said envelope means for transmitting said 
emitted light therethrough, said longitudinal axis 
through the central portion of the hollow interior 
of said envelope means being coincident with the 
axis of said light-emitting device; 

means for encapsulating the base of the light-emitting 
device and sealing the aperture at the end of said 
envelope means; 

base means operably secured to said encapsulating 
means for balance and decorative purposes; 

said base means including a decorative base portion 
operatively secured to said encapsulating means 
and extending at least partially along said longitu- 
dinal axis; and 

the electrical conductor means including at least first 
and second wires operatively extending through 
said base means for electrical connection to said 
first and second electrodes, respectively, and gen- 
erally oriented substantially perpendicular to said 
longitudinal axis. 

73. The miniature light bulb apparatus of claim 72 
wherein said decorative base means has one surface 
secured to the lower surface of said capsulating means 
with said first and second electrical wires extending 
between said surfaces and through said base means for 
enabling the light bulb to stand upright and to be readily 
disposed upright within the needles of the tree 
branches. 

74. The miniature light bulb apparatus of claim 72 
wherein said decorative base is operably disposed at 
least partially over the sides of said capsulating means 
and extends at least a predetermined distance toward 
said envelope means from the lower surface thereof; 
and 

wherein said electrical wires are operably disposed 
through said decorative base means and below said 
encapsulating means substantially perpendicular to 
said longitudinal axis for connection to said first 
and second electrodes, respectively, for increasing 
the stability of the light bulb, for enabling the light 
bulb to stand upright, and for enabling the light 
bulb to be easily positioned within the needles of 
the Christmas tree branches. 

75. The miniature light bulb apparatus of claim 72 
wherein said decorative base is operatively secured 
along the sides of said encapsulating means to the top 
surface thereof and wherein said electrical wires extend 
sideways through said decorative base below the lower 
surface of said encapsulating means substantially per- 
pendicular to said longitudinal axis for electrically con- 
necting said first and second electrodes, respectively, 
for providing the light bulb apparatus with stability, for 
enabling the light bulb apparatus to stand upright, and 
for enabling the light bulb apparatus to be readily posi- 
tioned within the needles of the Christmas tree. 

76. The miniature light bulb apparatus of claim 72 
wherein said decorative base includes a weighted lower 
end portion. 
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77. The miniature light bulb apparatus of claim 72 
wherein said decorative base includes an elongated 
portion extending away from said envelope means sub- 
stantially along said longitudinal axis for further balanc- 
ing the light bulb apparatus and further insuring that the 
light bulb apparatus will stand upright within the tree 
branches at all times. 

78. A two-LED tri-color light comprising: 
first and second light-emitting diodes, each having a 

ground surface operatively disposed against the 
ground surface of the other for establishing a pre- 
determined focal angle for giving the appearance 
of a single light source, said first light-emitting 
diode having a first different and distinct character- 
istic color, said second light-emitting diode having 
a second different and distinct characteristic color 
and wherein a third color is produced whenever 
both said first and second light-emitting diodes are 
alternately energized at a rate undiscernable to the 
human eye thereby producing three separate and 20 
distinct characteristic colors from two individual 
light sources; 

means for bonding the ground surfaces together for 
maintaining said focal angle; 

a generally elongated envelope having a hollow inte- 25 
rior with a longitudinal axis therethrough, said 
light-emitting diodes at least partially disposed 
within said envelope; and 

a plurality of light-transmitting optical spheres dis- 
posed within the hollow interior of said envelope 30 
for increasing the light- transmitting and diffusion 
characteristics of the bulb, 

79. The light of claim 78 wherein said envelope in- 
cludes at least one of glass and plastic material. 

80. The light of claim 78 wherein said optical spheres 35 
include at least one of glass and plastic material. 

81. The light of claim 80 wherein said optical spheres 
include at least one of hollow and solid spheres. 

82. The light of claim 80 wherein said spheres include 

at least one of spheres having a uniform diameter and 40 
spheres having a plurality of different diameters. 

83. The light of claim 80 wherein said optical spheres 
are relatively large and have a diameter slightly less 
than the width of the hollow interior for enabling said 
spheres to be stacked one on top of the other for im- 45 
proved diffusion characteristics. 

84. The light of claim 78 wherein the spherical balls 
are operably disposed substantially only against the 
outer surface of the hollow interior of the envelope and 
the central portion of the envelope along said longitudi- 
nal axis is devoid of spheres. 

85. The light of claim 78 further including at least one 
of light-conducting epoxy and light-conductive liquid 
operably disposed within said envelope for improved 
light conducting characteristics. 

86. The light of claim 79 wherein said envelope is at 
least one of tinted, colored, translucent, and transpar- 
ent. 

87. The light of claim 78 wherein said first and second 
light-emitting diodes are red and green respectively and 60 
said three colors produced thereby include red, green 
and yellow. 

88. The light of claim 78 further including a third 
light-emitting diode ground and bond to the ground 
surfaces of said first and second light-emitting diodes to 
establish a single apparent light source therefrom, said 
first, second and third light-emitting diodes represent- 
ing the colors red, green, and blue, respectively for 
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producing any and all colors of the visible spectrum by 
illuminating various combinations of said three colors. 

89. The light of claim 88 further including circuit 
means for operatively illuminating each and every com- 
bination and permutation of said first, second and third 
light-emitting diodes for generating all of the colors and 
hues of the visible spectrum. 

90. The light of claim 88 further including at least one 
of light-transmitting epoxy means and light-transmitting 
liquid operably disposed within the hollow interior of 
said envelope about said optical spheres. 

91. A Christmas tree light string system comprising: 
a master trunk line electrical connector means 

adapted to be operatively disposed substantially 
vertically down the trunk of said Christmas tree; 

said master trunk line electrical connector means 
including an upper trunk line circuit electrically 
connected in series with a lower trunk line circuit; 

upper and lower groups of modular limb line electri- 
cal connector means associated with said upper and 
lower master trunk line circuits, respectively, and 
adapted to be operatively disposed substantially 
horizontally along the limbs of said Christmas tree; 

said plurality of modular limb line electrical connec- 
tor means including individual modular light limb 
sets; 

a plurality of light-emitting diodes operably disposed 
along the length of said light limb sets and electri- 
cally connected thereto in a series path at predeter- 
mined selected intervals therealong; 

a source of electrical power; 

means for removably electrically connecting said 
upper and lower trunk line portions to said source 
of electrical power for illuminating said light-emit- 
ting diodes; and 

means for selectively removably connecting and un- 
connecting individual ones of said sets of light 
limbs within each of said upper and lower groups 
of modular limb lines to said upper and lower trunk 
line circuits, respectively, such that said individual 
sets of light limbs are' electrically connected in 
parallel with one another within each of said 
groups for ease of replacement and substitution of 
individual light limb sets; 

said upper and lower master trunk line including first 
and second electrical conductors and first and third 
electrical conductors, respectively, said first elec- 
trical conductor being common to said upper and 
lower master trunk line each of said upper and 
lower master trunk line portions including first and 
second terminals; 

said means for electrically connecting said upper and 
lower trunk line to said source of electrical power 
including first and second electrical power inputs, 
respectively; 

said second electrical conductor of said upper trunk 
line having one terminal electrically connected to 
said first electrical power input and said third elec- 
trical conductor of said lower trunk line circuit 
having one terminal electrically connected to said 
second electrical power input for supplying electri- 
cal power to said upper and lower main trunk line 
portions; 

said modular sets of light limbs being separable into 
upper and lower groups of modular light limb sets, 
each set of light limbs having first and second ter- 
minals and said plurality of selectively spaced light- 
emitting diodes therebetween, each of said upper 
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and lower groups of light limbs including a first set, 98. The Christmas tree light system of claim 97 
at least one intermediate set, and a last set, said sets wherein said control circuit means includes a step down 
electrically connected in parallel with one another transformer means for converting the conventional 1 10 

within each of said upper and lower groups; volt AG input signal into a significantly: reduced AC 

said second electrical conductor, of said upper trunk 5 input signal for driving said polarity reversed light- 
line circuit being selectively removably connected emitting diodes for sequentially and alternately illumi- 
and unconnected to one terminal of each of said nating at least one and then the other thereof, 
upper group of modular light limb sets; 99. The Christmas tree light system of claim 92 

said third electrical conductor of said lower trunk wherein said means for selectively removably connect- 
ive circuit being selectively removably connected 10 mg and unconnecting said sets of light limbs to said 
and unconnected to one terminal of each of said master trunk line including means for selectively me- 
lower group of light hmb sets; chanically and electrically connecting and unconnect- 

the opposite terminal of each of said upper and lower mg same . 

groups of light limbs being electrically connected loa ^ Christmas tree light system of claim 99 

to said first common electrical conductor; and 1 5 wherein said means for mechanically and electrically 

said upper and lower master trunk line of said master connecting and unconnecting said sets of light limbs to 

trunk hne upper and lower ^groups being electn- said master trunk line includes snap fastener means, said 

cally connected in series with each other, all sets of fastener means including one of male and female 

light limbs within each of said upper and lower s portions mechanically and electrically connected 

groups of light hmb sets being electncally con- 20 %Q sajd main trunk line at pre determined distances there- 

nected in parallel with one another, and said lindi- 4 and the ter minals of each of said light limb sets 

vidual light-emitting diodes within each set of light bd electrjca , ly md me chanically connected to the 

^ "FPf and 1 ™Z f ° ups other of said male and female snap portions such that 

wh^ ^ °' " 

each of said individual sets of light limbs include a ^"l^/^, ^, . . A , , • „ 

plurality of "n" limb segments each including a r ^ T h( r C hnstmas »ght svstem of claim » 

Twisted pair having a length V adapted to be oper- 30 further including means for operativejy securing said 

- atively disposed along the branches of said Chris- : m *** r JS? 1 * i^. t0 irunk x . °[ ** ld Chnstma s tree 
tmas tree, each of said sets of light limbs in said } 02 : ™ e Christmas tree light system of claim 91 
upper group of light limb sets having one terminal wherein alternate ones of said light-emitting d;odes are 
electrically connected to said = second electrical electrically connected to said light limbs with a re- 
conductor of said upper main truck line portion 35 versed polarity from other ones of said light-emitting 
and its opposite terminal electrically connected to diodes and including control circuit means for sequen- 
said first electrical conductor of said main trunk driving one, and then the other, and then both of 
line* and 831(1 oppositely poled light-emitting diodes for sequen- 

each of said individual sets of light limbs in said lower tially generating said first, second, and third different 

group light limb sets having one terminal electri- 40 ™ 6 distinct characteristic colors, respectively, 

cally connected to said third electrical conductor 1 P 3 - Christmas tree light system of claim 102 

of said lower master trunk line portion and its op- wherein said circuit means for electrically connecting 

posite terminal electrically connected to said first ^d master trunk line portions to said source of electri- 

electrical connector of said master trunk line. cal power include control circuit means for driving the 

93. The Christmas tree light system of claim 92 45 odd and even numbered, oppositely connected, light- 
wherein each of said "n" light limb sets includes a light- emitting diodes to illuminate at least first one and then 
emitting diode electrically connected approximate the the other of said alternate light-emitting diodes, 
outer distal end of said light limb twisted pair segments. T° e Christmas tree light system of claim 103 

94. The Christmas tree light system of claim 92 wherein said control circuit means includes a step down 
wherein each of said light-emitting diodies is substan- 50 transformer means for reducing the normal 1 10 volt AC 
tially equally spaced along a given light limb segment input to a substantially reduced AC signal the positive 

95. The Christmas tree light system of claim 92 portion of which illuminates one polarity of light-emit- 
wherein the number of light-emitting diodes in the ting diode and the negative portion of which illuminates 
upper and lower groups of modular limb light sets are the opposite polarity of said light-emitting diodes. . 
equal and the number of light-emitting diodes con- 55 105. The Christmas tree light system of claim 91 
nected to each of said upper and lower master trunk line wherein each of said light-emitting diodes is a bi-color 
sections is also equal. light-emitting diode having a first light-emitting diode 

96. The Christmas tree light system of claim 92 portion for emitting a first different and distinct charac- 
wherein alternate mono-colored light-emitting diodes teristic color light and a second light-emitting' diode 
are electrically connected to said light limb segments 60 portion for emitting a second different and distinct char- 
with reverse polarity. acteristic color light;- and * 

97. The Christmas tree light system, of claim 96 said means for electrically connecting said trunk line 
wherein said means for connecting said power supply to a . portions to said source, of electrical power mclud- 
said upper and lower master trunk hne groups include ing control circuit means for alternately Uluminat- 
control circuit means for supplying alternate polarity " 65* in£ one arid then the other of said "first and second 
current to said light limb sets for alternatively illuminat- light-emitting diode portions for sequentially pres- 
ing at least one polarity of said light-emitting diodes and enting said first and second colors of light there- 
then the opposite polarity of said light-emitting diodes. from. 
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106. The Christmas tree light system of claim 105 
wherein said control circuit means includes transformer 
means for stepping down a conventional 110 volt AC 
signal into a substantially reduced AC signal having a 
positive and negative waveform portion, the positive 5 
waveform portion being operable to electrically drive 
one of said light-emitting diode portions while the nega- 
tive portion of the waveform is operatively adapted to 
drive the other of said light-emitting diode portions. 

107. The Christmas tree light system of claim 105 10 
wherein said control circuit means further includes: 

timing means for establishing at least first, second and 
third timing state signals each having a predeter- 
mined time duration; 

means for alternately switching between a first and 15 
second polarity signal; and 

drive means for providing drive current to whichever 
of said first and second light-emitting diode por- 
tions are supplied by said first and second switch-, 
ing signals. 20 

108. The Christmas tree light system of claim 107 
wherein said circuit means further includes a variable 
duty cycle controller means for selectively controlling 
the pulse duration during each of said first and second 
switching signals. 25 

109. The Christmas tree light system of claim 91 
wherein said light-emitting diodes are bi-colored and 
each includes a first light-emitting diode portion having 
a first characteristic color and a second light-emitting 
diode portion having a second different and distinct 30 
characteristic color, means for connecting said first and 
second light-emitting diode portions in parallel with one 
another and with one having the opposite polarity to 
the other, said first and second light-emitting diode 
portions being energizable by an oscillating signal for 35 
producing a third different and distinct characteristic 
color resulting from the combination of said first and 
second different and distinct characteristic colors; 

said means for electrically connecting the tree limb 
portions to said source of electrical power includ- 40 
ing electrical control circuitry for controlling the 
sequencing and generation of said first, second and 
third characteristic colors; 

said control circuit means including timing and 
counter means for establishing a sequence of first, 45 
second and third timing states each having a time 
duration; 

means for producing first and second reverse polarity 
signals; 

circuit driver means responsive to said first and sec- 50 
ond polarity reversal signals for illuminating said 
first and second light-emitting diode portions to 
generate said first and second characteristic colors 
sequentially, said means for generating a reverse 
polarity signal including means responsive to the 55 
third timing state for producing an oscillating sig- 
nal, said driver means being responsive to said 
oscillating signal for rapidly changing the polarity 
of said first and second light-emitting diode por- 
tions for rapidly illuminating said first and second 60 
characteristic colors to produce said third different 
and distinct characteristic color and sequence 
therewith. 

110. The Christmas tree light system of claim 109 
wherein said control circuit means further includes 65 
variable duty cycle controller means for establishing 
reverse polarity pulse signals having substantially re- 
duced first and second time durations, respectively. 



111. The Christmas light system of claim 110 wherein 
said means for electrically connecting said master trunk 
limb portions to said source of electrical power in- 
cludes: 

said timing and counting means including a timer for 
generating a sequence of clock-like pulses and 
counter means responsive to said timer pulses for 
generating first, second and third count state sig- 
nals having first, second and third time durations, 
respectively; 

means responsive to said first and second count state 
signals for generating first and second opposite 
polarity DC switching signals; 

means responsive to said third count state signal for 
generating a rapidly oscillating pulse signal includ- 
ing third and fourth opposite polarity pulses; 

first and second control circuit output leads for selec- 
tively removably connecting and unconnecting 
said control circuit means to said master trunk line 
for supplying drive current thereto for sequentially 
illuminating alternate ones of said first LED por- 
tion, said second LED portion, and the alternate 
combination of said rapidly pulsed first and second 
light-emitting diode portions. 

112. The Christmas tree light system of claim 111 
wherein said means for generating pulse signal includes 
a gated oscillator means responsive to said third timing 
signal for generating a gated DC signal and latch means 
responsive to the generation of said gated oscillator 
signal for generating a series of positive and negative 
opposite polarity pulses; 

first and second control circuit output leads for selec- 
tively removably connecting the unconnecting said 
control circuit means to said master trunk line for 
supplying drive curent thereto for sequentially 
illuminating alternate ones of said LED of said 
light-emitting diode portions; 

said pulse generating means including first and sec- 
ond pulse generator output leads adapted to be 
electrically connected to said first and second con- 
trol circuit output leads; 

said means for generating opposite polarity DC 
switching signals including first and second switch- 
ing signal output leads adapted to be electrically 
connected to said first and second control circuit 
output leads, respectively; and 

said control circuit output leads supplying said first 
and second switching signals and said pulse signals 
to said master trunk line for sequentially alternately 
illuminating said first light-emitting diode portion, 
said second light-emitting diode portion, and for 
alternatively illuminating both said first and second 
light-emitting diode portions for said first, second 
and third time periods, respectively, for generating 
said first, second and third different and distinctive 
characteristic colors. 

113. The Christmas tree light system of claim 111 
wherein said means for generating pulse signals further 
includes latch means responsive to a gated oscillator 
signal for generating a series of positive and negative 
pulses and gated oscillator means responsive to said 
third count state signal for generating said gated DC 
signal. 

114. The Christmas tree light system of claim 113 
wherein said control circit means further includes vari- 
able duty cycle control means for selectively control- 
ling the duty cycle of said positive and negative polarity 
pulses. 
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115. The Christinas tree light system of claim 110 
wherein said driver means includes a comparator 
means, a switching input to the comparator for receiv- 
ing timing signals supplied thereto, the output of said 
comparator being supplied to a double-ended supply 5 
overload protection . output driver circuit means for 
generating a first polarity DC signal, a second polarity 
DC signal, and an oscillating AC signal for rapidly 
driving both the first and second light-emitting diode 
portions alternately on and off for generating said third 10 
different and distinctive characteristic color. 

116. The Christmas tree light system of claim 110 
wherein said variable duty cycle controller includes 
means for generating a plurality of clock signals for 
indicating the rate of change of the output signal, a duty 15 
cycle driver operatively responsive to the rate of 
change timing signals for supplying positive and nega- 
tive pulse to said light-emitting diodes, the positive and 
negative pulses each having its own duty cycle with the 
duty cycle selectively variable to permit the light-emit- '20 
ting diodes to be driven at greater than maximum cur- 
rent for short durations of time for obtaining greatly 
increased intensity without risk of failure and the like. 

117. The Christmas tree light system of claim 91 
wherein each of said plurality of light-emitting diodes 25 
includes a first light-emitting diode portion having a 
first' characteristic color and a second light-emitting 
diode portion having a second different and distinct 
characteristic color, said first light-emitting diode por- 
tion being connected in opposite polarity to said second 30 
light-emitting diode portion for illuminating said first 
light-emitting diode to produce said first characteristic 
color in response to a first polarity signal, for illuminat- 
ing said second light-emitting diode to generate said 
second different and distinct color in response to the 35 
opposite polarity and for rapidly illuminating alternate 
first and second light-emitting diode portions to gener- 
ate a third different and distinct color resulting from the 
combination thereof. 

118. The Christmas tree light system of claim 117 40 
wherein said control circuit means includes timing 
means for generating first, second and third timing sig- 
nals, switching means for generating a first polarity 
switching signal, a second opposite polarity switching 
signal, and a third series of rapidly oscillating positive 45 
and negative polarity pulses; and drive means for ampli- 
fying said switching pulses to illuminate said light-emit- 
ting diode portions. 

119. The Christmas tree light system of claim 118 
wherein said timing means includes means for general- 50 
ing clock signals and counter means for counting se- 
quential ones of said clock pulses for generating said 
first, second and third timing signal each having first, 
second and third time durations, respectively. 

120. The Christmas tree light system of claim 119 55 
wherein said switching means includes a solid state 
integrated circuit switch including a first normally- 
opened switch for operatively coupling a source of 
positive DC potential to said first light-emitting diode 
porton for producing said first characteristic color, a 60 
second normally-opened switch for operatively cou- 
pling a negative source of DC potential to said second 
light-emitting diode portion for producing said second 
different and distinctive characteristic color, and a third 
normally-opened switch operatively coupling an AC 65 
signal to said power driver means for rapidly driving 
said first and second light-emitting diode portions by 
the positive and negative polarity portions of the AC 



waveform to generate said third different and distinc- 
tive color, said first, second and third normally-opened 
switching means being responsive to said first, second 
and third count signal, respectively, for sequentially 
operating said switches. 

121. The Christmas tree light system of claim 119 
wherein said switching : means includes a solid state 
bilateral switch for generating first and second polarity 
switching signals; 

a first and second silicon-controlled rectifier con- 
nected in parallel with one another and with re- 
verse polarity between a source of AC signal and 
one of said control circuit outputs, the gate elec- 
trode of each of said silicon-controlled rectifier 
being operatively coupled to said first and second 
switching signals through first and second oppo- 
sitely poled diodes, respectively for enabling said 
bilateral switching means to controllably gate said 
silicon-controlled rectifiers for sequentially and 
alternatively supplying the positive portion and 
negative portion of said AC waveform to said con- 
trol circuit output for selectively illuminating said 
first light-emitting diode portion and said second 
light-emitting diode portion to produce said first 
and second characteristic different and distinct 
colors; and further including means operatively 
coupling the second control circuit output to a 
source of AC waveform for cyclically switching 
said first and second light-emitting diode portions 
back and forth to produce said third different and 
distinct color thereby enabling said control circuit 
means to sequentially generate alternate first, sec- 
ond and third different and distinct colors from 
each bi-color light-emitting diode. 

122. The Christmas tree light system of claim 121 
wherein said control circuit output includes a light- 
emitting diode operatively coupled between said first 
and second control circuit outputs for indicating which 
of the first, second and third colors are being generated 
at a given point in time. 

123. The Christmas tree light system of claim 118 
wherein said switching means for generating polarity 
reversal signals includes a darlington amplifier configu- 
ration including first, second, third and fourth npn 
power transistors said first and second transistors hav- 
ing their collectors operatively coupled to a source of 
potential, their emittors operatively coupled to said first 
and second control circuit output, respectively, and 
their base electrodes operatively coupled to receive said 
first and second timing signal, respectively, the base of 
said first and second transistors being operatively cou- 
pled to the base of said fourth and third transistors, 
respectively the collector of said third and fourth tran- 
sistor being operatively coupled to said first and second 
control circuit output, respectively, and said emitter 
electrode of said third and fourth transistor being opera- 
tively coupled to the ground, said darlington circuit 
being responsive to the presence of said first timing 
signal for switching said first and fourth transistor to a 
conductive state and generating a positive polarity 
switching signal and being responsive to said second 
timing signal for switching said second and third transis- 
tors on for supplying said negative polarity signal to 
said first control circuit output for driving it low and 
producing said second switching signal. 

124. The Christmas tree light system of claim 118 
wherein said polarity reversing switching means in- 
cludes a power MOSFET polarity switching circuit 
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including first, second, third and fourth power MOS- 
FET semi-conductor devices, each of said semi-conduc- 
tor devices having a source electrode, a drain electrode, 
and a ground electrode, said source electrode of said 
first and third power MOSFETS being operatively 
coupled to a positive source of potential and a source 
electrode of said second and fourth MOSFET device 
being operatively coupled to a negative soujee of po- 
tential, the gate electrode of said first and fourth MOS- 
FET device being operatively coupled to receive said 
second switching signal and the gate electrode of said 
first and third MOSFET device being operatively con- 
nected to receive said first switching signal, the drain 
electrodes of said first and second MOSFET device 
being operatively coupled to first input of said drive 
means and the drain electrodes of said third and fourth 
MOSFET devices being operatively coupled to the 
second input of said drive means for providing polarity 
reversed highly efficient low leakage drive current 
useable with a high switching rate, high current for 20 
output drive purposes. 

125. The Christmas tree light system of claim 118 
• wherein said polarity reversing switching circuit in- 
cludes a double-pull, double?throw relay having a relay 
coil, a first positive polarity input, a second negative 25 
polarity input, a first positive polarity output, a second 
negative polarity output, first and second normally 
closed switch contacts for operatively coupling said 
.positive and negative potentials to the said positive and 



10 



15 



and fourth normally opened switch contact to the posi- 
tive and negative circuit outputs through the anode of a 
first diode, the cathode of a second diode, and the anode 
of a third diode and cathode of a fourth diode, respec- 
tively, the input of said first normally opened switch 
being operatively coupled to a positive source of poten- 
tial and the normally opened contact of said third and 
fourth switches being operatively coupled to a source of 
DC potential the circuit input supplying a positive and 
negative switching pulse to the first input operatively 
coupled to the first and third switching means and to 
the second input operatively coupled to said second and 
fourth switching means for operating said first, second, 
third, and fourth switches to generate alternately first 
and second opposite polarity output signals. 

128. The Christmas tree light system of claim 118 
wwherein said drive means includes first and second 
operational amplifiers operatively coupled to receive 
the first, second and third timing signals at the input 
thereof for generating first and second switch output 
signals capable of generating a high current to illumi- 
nate said light-emitting diodes. 

129. The Christmas tree light system of claim 117 
wherein said light emitting diodes each have first and 
second terminals, transformer means for significantly 
reducing 1 10 volt 60 cycle AC current to a substantially 
reduced value of 60 cycle AC current, means respon- 
sive to the 60 cycle AC current for selectively generat- 
ing one of a first DC polarity signal, a second DC polar- 



negative switch outputs, respectively, and normally 30 ity signal, and an AC signal having positive and nega 



open switch contacts responsive to the energization of 
said relay coil for closing to operatively couple said 
negative and positive potential to said positive and neg- 
ative outputs, respectively. 

126. The Christmas tree light system of claim 118 35 
wherein said polarity reversing switching means in- 
cludes first, second, third, and fourth silicon-controlled 
rectifiers, the anode of said first and second silicon-con- 
trolled rectifiers being operatively coupled to a source 
:: of AC signal and the cathodes of said second and third 40 
silicon-controlled rectifiers being operatively coupled 
to a source of AC signal, the cathodes of said first and 
second silicon-controlled rectifiers being operatively 
coupled to the anodes of said third and fourth silicon- 
controlled rectifiers and the intersection of said second 45 
and fourth silicon-controlled rectifiers serving as the 
positive circuit output while the intersection of the first 
and third silicon-controlled rectifier serves as the nega- 
tive circuit output, the gate electrode of said first and 
fourth silicon-controlled rectifiers being operatively 50 
coupled to a switched source of DC potential while the 
gate electrode of said second and third silicon-con- 
trolled rectifiers is operatively coupled to a positive 
source of switched DC signal, the positive and negative 
switch DC signal triggering said second, third, and first, 55 
fourth silicon-controlled rectifiers, respectively for con- 
ducting a positive waveform on said positive output and 
a negative waveform on said negative output and re- 
sponsive to the opposite signal for triggering the first 



tive waveform portions for driving said LED said light- 
emitting diodes to generate said first, second and third 
different and distinctive colors, respectively. 

130. The Christmas tree light system of claim 91 
wherein each light-emitting diode includes a generally 
cylindrical, elongated envelope means having a longitu- 
dinal axis therethrough and a plurality of light-conduct- 
ing optical spheres operably disposed within said enve- 
lope for dissipating and dispersing said light-emitting 
diode-generated illumination. 

131. The Christmas tree light system of claim 130 
wherein said envelope means includes at least one of 
glass and plastic. 

132. The Christmas tree light system of claim 117 
wherein said control circuit means includes transformer 
means for reducing 1 10 volt AC 60 cycle current to a 
significantly reduced 60 cycle AC current for operably 
driving said light-emitting diodes, a means for opera- 
tively coupling said reduced AC signal to a first circuit 
input and means for operatively coupling said reduced 
AC signal to a second circuit input, a silicon-controlled 
rectifier having its anode electrically connected to said 
first circuit input and its cathode connected to a circuit 
output, an adjustably positionable switch for selecting 
one of a first path having a diode operatively connected 
with its cathode connected to said first circuit input and 
its anode connected to said first second output, a second 
diode having its anode connectable to said first circuit 
input and its cathode connected to said first circuit 



and third silicon-controlled rectifier and outputting 60 output, and a third electrical lead connectable to said 

positive waveform on said negative output and a nega- first circuit input and to said first circuit output for 

tive waveform on said positive output for sequential supplying said first, second and third switching signals 

polarity reversing purposes. to said light-emitting diodes for producing said first, 

127. The Christmas tree light system of claim 118 second and third different and distinctive characteristic 

wherein said switching means includes a solid state 65 colors therefrom. 

semi-conductor switching device having a first, second, 133. The Christmas tree light system of claim 132 

third and fourth normally opened switch contact, wherein said optical spheres include at least one of glass 

means for operatively coupling said first, second, third and plastic. 
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134. The Christmas tree light system of claim 132 
wherein said optical spheres include at least one of 
hollow and solid spheres. 

135. The Christmas tree light system of claim 132 
wherein said optical spheres include at least one of 5 
uniform sized balls and mixed sized balls. 

136. The Christmas tree light system of claim 132 
wherein said optical spheres include a plurality of opti- 
cal spheres having a diameter slightly less than the 
diameter of said elongated envelope means for being 1° 
disposed one on top of the other therein. 

137. The Christmas tree light system of claim 132 
wherein said envelope, means further includes at least 
one of light-conducting epoxy and light-conducting 
liquid, operatively sealed therein. 15 

138. The Christmas tree light system of claim 132 
wherein said light-emitting diodes each include a base 
and a pair of light-emitting diode leads extending there- 
from and substantially normal to said longitudinal axis 
for enabling the bulb to stand upright in the branches of 20 
the tree. 

139. The miniature Christmas tree light system com- 
prising: 

a main trunk line having upper and lower trunk line 25 
portions serially connected to one another by a 
selectively removable connector means; 

a plurality of sets of limb lines each having a plurality 
of limb line twisted wire pair segments therein, said 
limb line segments being serially connected to one 30 
another within each of said sets and said limb line 
sets being divided into upper and lower groups 
with the limb lines of said upper group being elec- 
trically connected in parallel with one another and 
the limb lines of said lower group being electrically 35 
connected in parallel with one another so that only 
one limb line set goes out in the event of a burned 
out bulb or the like; 

means for operatively removeably connecting and 
unconnecting the main trunk line to an electrical 40 
power source; 

light-emitting diodes operatively disposed at prede- 
termined selected positions along said limb seg- 
ments with each limb segment terminating in a 
light-emitting diode; 45 

means for mechanically, and electrically connecting, 
each set of limb lines of said upper group to a corre- 
sponding connection on said upper trunk line and 
each set of limb lines of said lower group to said 
lower trunk line, respectively, alternate ones of 50 
said LED's being connected in opposite polarity to 
the surrounding ones within each limb segment 
such that application of power to the main trunk 
line alternately illuminates every other light in said 
limb light. 55 

140. The miniature Christmas light system of claim 
139 wherein each of said light-emitting diodes com- 
prises a single light-emitting diode portion and at least 
two types of light-emitting diodes are used alternatively 
along said limb lines with each of said types producing 60 
a separate and distinctive characteristic color when 
illuminated. 

141. The miniature Christmas tree light system of 
claim 140 wherein said source of potential includes a 
stepped -down alternating current signal. 65 

142. The miniature Christmas tree light system of 
claim 139 wherein said source of potential includes a 
DC source. 



143. The miniature Christmas tree light system of 
claim 142 wherein said source of DC potential includes 
battery means for rendering the miniature Christmas 
tree light system readily portable and the like. 

144. The miniature Christmas tree light system of 
claim 139 wherein each of said light-emitting diodes 
includes generally cylindrical envelope having a longi- 
tudinal axis and a plurality of light-conducting optical 
spheres operably disposed within said envelope and 
sealed therein, each of said envelopes including at least 
one of glass and plastic material, each 'of said optical 
spheres including one of glass and plastic material, each 
of said glass spheres including at least one of hollow and 
solid spheres, each of said optical spheres including at 
least one mixed diameter and uniform diameter spheres, 
and each of said envelopes including at least one of said 
light-conducting epoxy and light-conducting liquid 
operatively sealed therein. 

145. The miniature Christmas tree light system of 
claim 139 wherein said each of said plurality of light- 
emitting diodes includes a base and a pair of light-emit- 
ting diode leads, the leads of said light-emitting diode 
extending through said base and substantially perpen- 
dicular to said longitudinal axis for enabling said enve- 
lope to remain upright when, the limb segments are 
positioned along the branch of the tree. 

146. The miniature Christmas tree light system of 
claim 139 further including control circuit means for 
sequentially illuminating alternate ones of said light- 
emitting diodes for generating at least first and second 
different and distinct colors; respectively. 

147. The miniature Christmas tree light system of 
claim 146 wherein said control circuit means includes a 
battery. 

148. The miniature Christmas tree light system of 
claim 139 wherein each light-emitting diode is a bi-color 
LED and includes a first light-emitting diode portion 
for generating a first characteristic color and a second 
light-emitting diode portion for generating a second 
different and distinct characteristic color, said first and 
second light-emitting diode portions being cyclically 
switchable to generate an alternating first and second 
color signal for producing a third different and distinct 
characteristic color. 

149. The miniature Christmas tree light system of 
claim 148 further including control circuit means for 
sequentially, illuminating the first and second light-emit- 
ting diode portion to generate said first, second and 
third characteristic colors, said control - circuit means 
for generating drive signals for iUuminating said light- 
emitting diodes. 

150. The miniature Christmas tree light system of 
claim 139 wherein each of said plurality of light-emit- 
ting diodes includes a generally cylindrical envelope 
having a longitudinal axis and a. plurality of optical 
light-conducting balls operatively disposed within said 
envelope. 

151. The miniature Christmas tree light system of 
claim 150 wherein each of said envelopes includes at 
least one of glass and plastic, each of said balls includes 
at least one of glass and plastic, each of said balls in- 
cludes at least one of hollow and solid balls, each of said 
balls include at least one of balls having a single uniform 
diameter and balls having various diameters, and each 
of said envelope means including at least one of light- 
conducting epoxy, light-conducting liquid, and light- 
conducting gas operatively sealed therein. 
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152. The miniature Christmas tree light system of 
claim 151 wherein each of said light-emitting diodes 
includes a base and a pair of diode leads extending ap- 
proximate said base and generally perpendicular to said 
longitudinal axis for stabilizing the envelope and en- 
abling the bulb to stand upright when positioned on the 
Christmas tree limbs. 

153. A light string system comprising: 

a first and second electrical connector; 

a plurality of light-emitting diodes electrically con- 
nected between said first and second electrical 
conductors, said plurality of diodes being operable 
for extremely long periods of time without burning 
out, requiring extremely low electrical power for 
operation, and generating substantially no heat for 
substantially eliminating fire hazards and the like; 
and 

said light-emitting diodes includes a hollow envelope 
surrounding at least one illuminated portion of said 
light-emitting diode and a plurality of light-con- 
ducting spheres contained within the envelope for 
increasing the optical characteristics of the ball. 

154. The light string system of claim 153 wherein 
alternate ones of said light-emitting diodes are con- 
nected in reverse polarity to the others of said plurality 25 
of light-emitting diodes on either side thereof for illumi- 
nating odd and even light-emitting diodes sequentially 
from one polarity to the reverse polarity. 

155. The light string system of claim 153 wherein said 
envelope includes at least one of glass and plastic mate- 30 
rials. 

156. The light string system of claim 153 wherein said 
optical spheres include at least one of glass, plastic, and 
a mixture of glass and plastic spheres. 

157. The light string system of claim 156 wherein said 35 
optical spheres include at least one of hollow, solid, or 

a mixture of hollow and solid spheres. 

158. The light string system of claim 157 wherein said 
optical spheres include at least one of spheres having a 
.substantially uniform diameter and spheres having 40 
mixed diameters, and a mixture thereof. 

159. The light string system of claim 158 further in- 
cluding at least one of light-conducting epoxy means 
and light-conducting liquid operatively disposed within 
said envelope and sealed therein for enhancing the light- 45 
conducting and dispersion characteristics thereof. 

160. The light string system of claim 157 wherein said 
optical spheres relatively large diameter balls having a 
substantially uniform size, the diameter of the balls 
being slightly less than the diameter of the envelope for 50 
substantially filling the envelope one sphere over the 
other. 

161. The light string system of claim 153 wherein 
each of said light-emitting diodes includes a pair of 
electrical leads and a base operatively mounting said 55 
envelope, said pair of electrical leads being operatively 
disposed at least one of through said base and approxi- 
mate to said base substantially perpendicular to the axis 
of the envelope for stabilizing the bulb and enabling it to 
stand upright when the light string is supported in a 60 
suspended manner or the like. 

162. The light string system of claim 153 wherein said 
plurality of light-emitting diodes includes a first set of 
light-emitting diodes having a first different and distinct 
characteristic color, a second set of light-emitting di- 
odes having a second different and distinct characteris- 
tic color, one of said first and second sets of light-emit- 
ting diodes alternating in position and polarity to the 
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other as said light-emitting diodes are positioned and 
polarity reversed along said pair of electrical conduc- 
tors. 

163. The light string system of claim 97 wherein said 
means for supplying electrical power further includes 
control circuit means for generating a first and second 
switching signal for reversing the polarity of the incom- 
ing electrical current for sequentially illuminating alter- 
nate sets of the light-emitting diodes to produce at least 
first one characteristic color and then the second char- 
acteristic color in sequence. 

164. The light string system of claim 154 further in- 
cluding a plurality of at least one of glass and plastic, 
substantially hollow shells and a plurality of at least one 
of glass and plastic fragments including at least one of 
similar crystalline properties and relatively similar geo- 
metric shapes. 

165. The light string system of claim 154 wherein 
each of said plurality of light-emitting diodes are bi- 
color light-emitting diodes having a first light-emitting 
diode portion for generating a first different and distinct 
characteristic color and a second light-emitting diode 
portion for generating a second different and distinct 
characteristic color, said first and second light-emitting 
diode portions being operably connected and parallel 
with one another between said first and second electri- 
cal conductors such that each of said second light-emit- 
ting diode portions has its polarity reversed from each 
of said first light-emitting diode portions associated 
therewith. 

166. The light string system of claim 165 wherein 
each of said light-emitting diodes includes an envelope 
means for enclosing said light-emitting diode and at 
least one of a plurality of optical light-conducting beads 
and fragments disposed within said envelope for en- 
hancing the light-conducting and dispersion character- 
istics thereof. 

167. The light string system of claim 166 wherein said 
envelope means includes at least one of glass and plastic 
materials. 

168. The light string system of claim 167 wherein 
each of said at least one of beads and fragments includes 
at least one of glass, plastic, and a mixture of glass and 
plastic balls. 

169. The light string system of claim 168 wherein 
each of said at least one of beads and fragments includes 
at least one of hollow, solid, and a mixture of hollow 
and solid balls. 

170. The light string system of claim 169 wherein said 
balls include at least one of a plurality of spheres having 
substantially uniform diameter and a plurality of spheres 
having different diameters. 

171. The light string system of claim 170 further in- 
cluding at least one of light-conducting epoxy means 
and light-conducting liquid means operably disposed 
within said envelope means and sealed therein for en- 
hancing the light-conducting characteristics thereof. 

172. The light string system of claim 168 wherein 
each of said optical spheres are relatively large diameter 
balls having diameters slightly less than the inside diam- 
eter of said envelope means for filling said envelope 
means one upon the other for enhanced light transmis- 
sion characteristics. 

173. The light string system of claim 165 wherein 
each of said plurality of light-emitting diodes includes a 
pair of electrical leads and a base means for operably 
mounting said light-emitting diode and said envelope 
means with said pair of electrical leads extending at 
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least one of substantially through said base means and 
substantially adjacent said base means in opposite direc- 
tions and substantially perpendicular to the axis of said 
envelope means for stabilizing the bulb and enable it to 
remain upright when the light string is suspended or the 5 
like. 

174. The light string system of claim 165 wherein said 
means for supplying electrical power includes control 
circuit means for generating at least first and second 
switching signals for sequentially alternating and re- 10 
versing the polarity of the incoming electrical current 
for sequentially illuminating alternate ones of the light* 
emitting diodes to produce said first, second and third 
different and distinct characteristic colors. 

175. The light string system of claim 174 wherein said 15 
control circuit means includes means for providing 
stepped-down AC current to said pair of electrical con- 
ductors and utilizing the positive portion of the AC 
waveform for illuminating said first light-emitting diode 
portions and the negative portion of the AC waveform 20 
for illuminating the second light-emitting diode portion 
for producing said first and second different distinct 
characteristic colors, respectively. 

176. The light string system of claim 175 wherein said 
control circuit means also includes means for generating 25 
a third switching signal for supplying alternating cur- 
rent to said light-emitting diodes for rapidly energizing 
first one and then the other of said light-emitting diode 
portions so as to sequentially generate said third differ- 
ent and distinct characteristic colors wherein the third 30 
characteristic color is produced by the visual effect of 
cycling the first and second colors more rapidly than 
the human eye can discern. . 

177. The light string system of claim 176 wherein said 
control circuit means includes timing means for gener- 35 
ating a plurality of timing pulses for establishing the rate 
of change of the colors; 

counter means responsive to timing pulses for gener* 
ating first, second, and third count state signals 
each having a first, second, and third time duration, 40 
respectively; 

polarity reversal means responsive to said count state 
signals for generating first, second and third 
switching signals and means responsive to a first 
switching signal for generating a first DC polarity 45 
signal for illuminating said first light-emitting diode 
portions to produce said first characteristic color, 
responsive to a second switching signal for energiz- 
ing said second light-emitting diode portion to 
generate said second characteristic color, and for 50 
producing at least one of a rapidly oscillating and 
pulsed signal for rapidly and alternatively energiz- 
ing said first and second light-emitting diode por- 
tions to produce the appearance of said third char- 
acteristic color; and 55 

drive means for providing sufficient current to said 
light-emitting diodes for providing substantially 
constant and sufficient illumination even in rela- 
tively long strings of light-emitting diodes. 

178. The light string system of claim 177 wherein said 60 
control circuit means further includes variable duty 



cycle control means for generating first and second 
polarity signals at individually selectable signal dura- 
tions to drive said light-emitting diodes with a signifi- 
cantly higher current than that for which the light-emit- 
ting diodes are rated for even relatively long periods of 
time due to reduced duty cycles and the like thereby 
enabling very long strings of lights to be illuminated 
using duty cycle control techniques. 

179; The control circuit means of claim 174 wherein 
said light-emitting diodes are connected in relatively 
short strings and a DC battery is used to supply power 
thereto and means for applying the DC power to gener- 
ate said characteristic colors. 

180. A miniature light bulb apparatus for strings of 
Christmas tree lights, Christmas decorations, ornamen- 
tal light strings, decorative lights and the like compris- 
ing: 

a light-emitting diode; 

a glass envelope means operably disposed about at 
least a portion of said light-emitting diode; and 

light-conducting glass particle means operably dis- 
posed within said envelope means for transmitting 
and diffusing the light emitted from said light-emit- 
ting diode. 

181. The apparatus of claim 180 wherein said glass 
particles have a relatively uniform crystalline structure. 

182. The apparatus of claim 180 wherein said glass 
particles have relatively uniform geometric shapes. 

183. The apparatus of claim 180 further including a 
light-transmitting epoxy means operably disposed 
within said envelope means. 

184. An improved miniature light bulb apparatus 
including a generally elongated envelope having a hol- 
low interior with a longitudinal axis therethrough, at 
least one partially opened end, and a closed end, the 
improvement comprising: 

a plurality of light-conducting glass particles opera- 
bly disposed within the hollow interior of said 
envelope for improving the light diffusion charac- 
teristics thereof and the visibility of the bulb to an 
externa] observer; 

an LED means operably disposed through the said 
least partially opened end of the envelope and into 
the hollow interior thereof; 

light-transmitting epoxy means operably disposed 
within said envelope means; and 

means for sealing the at least partially opened end of 
the envelope for retaining the glass particles and 
said LED means therein. 

185. The apparatus of claim 184 wherein said glass 
particles are relatively small and disposed within said 
envelope means for coating the interior surface thereof. 

186. The apparatus of claim 184 wherein said glass 
particles have a diameter greater than 1/50,000^ of an 
inch. 

187. The apparatus of claim 184 wherein said glass 
particles have a relatively uniform geometric shape. 

188. The apparatus of claim 184 wherein the glass 
particles include glass sand-blasting beads. 
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[57] ABSTRACT 

This invention relates to an optically decorated elon- 
gated member comprising a transparent tube sealed at 
both ends including one or more brightly colored thin 
elongated members disposed in a helical configuration 
therein and containing a fluid medium suspending nu- 
merous light-reflecting platelets filling thereof with a 
small volume of air space. 

3 Claims, 1 Drawing Sheet 
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HELICAL FLOW OPTICALLY DECORATED 
BATON 

This is a continuation-in-part application to patent 
application Ser. No. 702,688 entitled "Optically deco- 
rated baton" filed on Feb. 19, 1985, which is now U.S. 
Pat. No. 4,600,974. 

BACKGROUND OF THE INVENTION 

A baton made of a transparent tube sealed at both 
ends and containing a fluid suspending numerous light- 
reflecting particles of single or multiple colors, that fills 
the transparent tube with an air space, provides an inter- 
esting toy for children as well as for grown up people, 
as those light -reflecting particles suspended in the fluid 
display almost hallucinating pattern of random move- 
ments when the fluid is agitated by the air gap traveling 
therethrough as the baton is tilted back and forth. Such 
an optically decorated baton may be used as a simple 
toy as well as twirling baton and as a decorative marker 
or handle for dog leashes, key chains etc. The visual 
effect of the afore-mentioned baton can be drastically 
improved by adding a novel color pattern thereto and 
introducing a sort of ordered movement of the light- 
reflecting particles to the random movements thereof. 

The primary object is to provide an optically deco- 
rated baton including one or more of brightly colored 
thin cords or ribbons disposed in a helical pattern 
therein. 

Another object is to provide an optically decorated 
baton wherein the movement of the fluid and the sus- 
pended particles therein created by an air gap traveling 
therethrough is a combination of random type move- 
ments and ordered motions of helical patterns associ- 
ated with the helical cords or ribbons included in the 
optically decorated baton. 

A further object is to provide an optically decorated 
baton that displays more bold and accentuated color 
patterns that are visible from a sizable distance when the 
optically decorated baton is twirled. 

These and other objects of the present invention will 
become clear as the description thereof proceeds. 

BRIEF DESCRIPTION OF THE FIGURES 

The present invention may be described with a 
greater clarity and specificity by referring to the follow- 
ing figures: 

FIG. 1 illustrates a perspective view of an embodi- 
ment of the present invention. 

FIG. 2 illustrates a partially broken away view of 
another embodiment of the present invention. 

FIG. 3 illustrates a partially broken away view of a 
further embodiment of the present invention. 

FIG. 4 illustrates a partially broken away view of yet 
another embodiment of the present invention. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

In FIG. 1 there is illustrated a perspective view of a 60 
helical flow optically decorated baton 1 constructed in 
accordance with the principles of the present invention. 
The helical flow optically decorated baton 1 comprises 
a transparent tube 2 with both ends sealed with a pair of 
caps 3 and 4, and a plurality of bright and multiple 65 
colored cords or ribbons 5, 6, and like members dis- 
posed in a helical configuration within the transparent 
tube 2 wherein the cords or ribbons 5, 6, and like mem* 
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bers are placed following the inside cylindrical surface 
of the transparent tube 2. The space inside of the sealed 
transparent tube 2 is nearly but not fully filled with a 
fluid medium 7 suspending numerous light reflecting 
particles 8 of single or multiple colors. The air gap 9 is 
an important element for it agitates the fluid medium 7 
and creates spectacular random movements of the light- 
reflecting particles as the air gap 9 travels through the 
fluid medium 7 when the baton 1 is tilted back and forth 
or up and down. The helical coils of cords or ribbons 5, 
6, and like members play the role of flow guide vanes in 
creating helical movements of the fluid medium and 
orbiting movements of the light-reflecting particles 
when the air gap 9 travels back and forth between to 
extremities of the baton 1. The combination of the orbit- 
ing movements of the light-reflecting particles mixed 
with random movements thereof and the novel color 
patterns displayed by the helical ribbons provides a 
spectacular visual effect that is fascinating and halluci- 
nating at the level best far exceeding a baton without 
the helical ribbons. 

In FIG. 2 there is illustrated a partially broken away 
view of a segment of another embodiment of the present 
invention taken along a plane including the central axis 
of the baton. The helical flow optically decorated baton 
10 includes a plurality of cords or ribbons 11, 12, 13 etc. 
placed side by side and disposed in a helical pattern 
within the transparent tube 14 containing a fluid sus- 
pending numerous light-reflecting platelets. It is usually 
preferred to employ a plurality of cords or ribbons of 
multiple color combination. 

In FIG. 3 there is illustrated a partially broken away 
view of a segment of a further embodiment of the pres- 
ent invention. The helical flow optically decorated 
baton 15 includes a substantially flat ribbon 16 deco- 
rated with multiple color strips, that is disposed in a 
helical pattern within the transparent tube 17 containing 
a fluid medium suspending numerous light-reflecting 
colored particles. Of course, more than one ribbon of a 
helical pattern may be included within the transparent 
tube 17. 

In FIG. 4 there is illustrated a partially broken away 
view of a segment of yet another embodiment of the 
present invention that employs a single rod or strip 18 of 
small cross-section dimension disposed in a helical pat- 
tern within the transparent tube 19 containing a fluid 
medium suspending numerous light-reflecting platelets. 
The helical cords, ribbons, rods or strips disposed 
within the transparent tube may be of bright colors of 
fluorescent or phosphorescent nature. 

While the principles of the present invention have 
now been made clear by the illustrative embodiments, it 
will be obvious to those skilled in the art many modifi- 
cations of the structures, arrangements, proportion, 
elements and materials which are particularly adapted 
to the specific working environments and operating 
conditions in the practice of the invention without de- 
parting from those principles. 

We claim: 

1. A helical flow optically decorated baton compris- 
ing in combination: 

a) a transparent tube with both ends sealed with a pair 
of caps; 

b) at least one thin elongated member of bright color 
disposed in a helical pattern within said transparent 
tube for guiding air gaps moving from one extrem- 
ity to the other expremity of said transparent tube 
in a helical path; 
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c) a fluid medium contained in said transparent tube; 

d) a plurality of light-reflecting platelets of bright 
color included in said fluid medium; and 

e) an air gap included within said transparent tube. 
2. The combination as set forth in claim 1 wherein 



said at least one thin elongated member of bright color 
includes fluorescent color. 

3. The combination as set forth in claim 1 wherein 
said at least one thin elongated member of bright color 
includes phosphorescent coating. 
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